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Abstract

A STUDY OF THE REGRESSION OF THE ADDUCTOR LONGUS-PECTINEUS
EXOSTOSIS OF LATHYRIC AND SURGICALLY STIMULATED RATS

Partial avulsion of the adductor longus-pectineus insertion
produces a periosteal response similar to that occurring with BAPN
administration.

The purpose of this investigation was to study and

compare the process by which the exostoses of BAPN and surgically
stimulated rats regressed.
Four groups of four and one-half week old albino rats were used
in this study.

Group I consisted of 3 control rats.

The 35 rats

composing Group II reveived 150 milligrams BAPN/100 milliliters water
ad libitum for 7 days when the first animals were killed.

The remaining

rats of this group were given tap water and killed at various time
intervals during the following 10 weeks.

Group III consisted of rats

in which a partial separation of the adductor longus-pectineus insertion
from the femoral cortex was performed.

The first animals of this group

were killed 7 days later and at time intervals corresponding to those
of Group II.

Seventeen rats in Group IV received 150 milligrams

BAPN/100 milliliters ad libitum.

The animals were killed at weekly

intervals beginning after the second week and continuing through the
tenth week.
The posterior extremities of all animals were fixed in Bouin-

xvi

Hollande fixative and decalcified in 10 per cent formic acid.

The

femur confining the muscle insertions was embedded in Tissuemat and
serial cross-sections were cut at 7 microns.

Every fiftieth section

was stained with Harris' hematoxylin and picro-eosin.

Stains used on

adjacent sections were: Masson's trichrome, Weigert's resorcin fuchsin,
Snook's modification of the Bielschowsky silver method, and the combined
alcian blue (pH 1)-PAS technique.

Sections were mounted in Permount

and studied with the light microscope.
Gross response of the insertion was similar in Groups II and III
one week after the initial stimulation.
were lacking after 5 weeks regression.

Gross indications of a lesion
The exostosis became larger

when rats were administered BAPN for periods longer than 1 week.
The exostoses were divided for histological description into
distal, central and proximal portions.

Although differing in size and

shape, the distal and proximal portions exhibited many of the same
characteristics.
A change in the fibrous periosteum was not observed in the
lathyric exostosis.

The inner periosteum of the 7-day BAPN exostosis

was composed of the proliferative, intercellular and osteogenic zones.
The proliferative and intercellular zones were replaced by immature
bone spicules, on the peripheral portions of which mature bone was
deposited to form a new compact cortex, a process completed after 6 to
7 weeks regression.

Spicules not incorporated into the new cortex were

resorbed together with the old cortex.
the resorbed bone.

Hematopoietic tissue replaced

Remnants of the old cortex remained after 10 weeks

regression.

xvii

The central portion of the 7-day surgical exostosis was not
covered by a fibrous periosteum, but a fibrous covering was present
in the 2-week regression exostosis and was complete with elastic fibers
several weeks later.

The inner periosteum was composed of the three

zones seen in the lathyric exostosis, however, the proliferative and
intercellular zones were not present in the distal and proximal portions.
Cartilage cells were observed in the intercellular zone of the 7-day
surgical exostosis, and chondroclasts and osteoclasts were present.
A new cortex formed as in the lathyric exostosis and was completed
after 6 weeks regression.

Similarly, the bone spicules and the old

cortex were resorbed and replaced by hematopoietic tissue, with
remnants of the cortex remaining.
The processes seen in the regression groups were repeated in
cycles in the long-term BAPN exostosis, a new cycle beginning before
the old cycle was complete.
marrow.

Resorbed bone was replaced by a fatty

Mast cells were prominent in the new marrow of all exostoses.
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CHAPTER I

INTRODUCTION AND REVIEW OF THE LITERATURE

The term lathyrism refers to an abnormality produced by the
ingestion of seeds of certain Lathyrus pulses, the administration of
the toxic principles of these pulses or compounds related to the
poisonous agents.

This term was subdivided into two main categories

by Selye (1), neurolathyrism and osteolathyrism.
Neurolathyrism is a disease of man affecting the nervous system
which can also be induced experimentally by feeding Lathyrus sativus.
Lathyrus d c e r a and Lathyrus clymenum to animals (1,2).

The

pathological changes were reported in Hippocrate*s early writings, but
even at this time reports continue to be published concerning lathyrism
in concentration and prisoner-of-war camps during World War II (3)»
The pulse must compose the major portion of the diet to produce the
human manifestation of the disease which is a spastic paraplegia of
the lower extremities (if).

During the famine years in India, Young (5)

noted the disease in the young and most physically active of the lower
class of people on the plains who ate large amounts of Lathyrus sativus
during this period.

It appears that somewhat similar conditions

existed during World War H

in the concentration and prisoner-of-war

camps.
Osteolathyrism is a disease manifested by changes in the
mesenchymal elements of the body.

The disease affects mainly the

-1-

-2skeletal and vascular systems, and is produced by ingestion of Lathyrus
odoratus seeds, its toxic principle, or related compounds.

It is now

known that osteolathyrism is a new disease, not related to the human
lesion caused by the ingestion of the other species of Lathyrus.

In

the remainder of the paper the term lathyrism and osteolathyrism will
be used synonymously.
In 1933* Geiger, Steeribock and Parsons (6) first produced
lathyrism in rats by feeding seeds of the pulse, Lathyrus odoratus.
They noted depressed growth, spinal curvatures, deformed long bones,
awkward gait, curvature of the spine and sternum, inactivity,
paralysis, and hernia formation.
sites of muscle attachment.

Broad and rough areas were noted at

Shortly afterwards, Robinson and Bast (7)

confirmed these observations and described the histological changes in
bones of rats fed Lathyrus odoratus for a number of weeks.
Intense investigation of the disease caused by Lathyrus odoratus
did not commence until Ponseti and co-workers (8,9) pointed to the
clinical relationship of the lesions in rats to those of certain
idiopathic human diseases.

The symptoms in rats noted by these

workers were dissecting aneurysms of the aorta, inguinal and abdominal
hernias, deformities of the thorax, kyphoscoliosis, loosening and
detachment of the tendinous and ligamentous insertions on the bone,
and alterations in the epiphyseal plate, which consisted of a loss of
cartilage matrix cohesion and the growing of cartilage cells into
clusters•
From the beginning of their investigation of lathyrism, Geiger,
Steeribock and Parsons (6 ) were interested in isolating the toxic
substance.

They found that the poisonous substance was removed by

-3boillng water and that sweet peas (Lathvrus odoratus) were non-toxic
to rats after this treatment.

However, the water containing the

50

extracted poison produced effects similar to a diet containing
percent Lathvrus odoratus.

Ten years later, Lewis and Esterer (10)

reported that the toxic compound could be removed with cold water.

In

1954, isolation of the toxic factor from Lathvrus odoratus was
accomplished by McKay et al. (11), and identified by Schilling and
Strong (12) as beta-(N-gamma-L-glutamyl)-aminopropionitrile.

It was

soon demonstrated that the gamma-glutamyl portion of the compound was
not necessary to produce skeletal lesions and the biologically active
principle was beta-aminopropionitrile (BAPN) (13)•
Other compounds have been shown to produce skeletal lesions
similar to those produced by BAPN in the rat.

These include amino-

acetonitrile (AAN) (15)» beta-mercaptoethylamine (eysteamine) (13,16,
17), methyleneaminoacetonitrile (18), bis(B-cyanoethyl)amine (14,15),
cystamine (16 ), semicarbazide hydrochloride (19 ) and acetone
semicarbazone (20).

Following Dasler's discovery that semicarbazide,

a known aldehyde blocking agent, was lathyrogenic (19)» Levy (21)
demonstrated that a number of other aldehyde blocking agents could
produce tumors in the notochord of salamander and toad embryos.
Based upon the work of Levene and Gross (22) showing that BAPN
and semicarbazide produce tissue fragility and a number of hydrazides
into chick embryos produced results similar to those of BAPN and
semicarbazide.

In studying the structural requirements of lathyrogenic

agents, Levene (24) divided the lathyrogenic compounds into four
groups: nitriles, ureides, hydrazides and hydrazines.

The lathyrogenic

-4effeet of the compounds of these groups was based upon their ability
to increase solubility of collagen in 1M NaCl and to produce skeletal
deformities in chick embryos.

The nitriles were found to be the most

toxic, the hydrazines least toxic.

Isonicotinic acid hydrazide (INAH),

a compound effective against tuberculosis, was found to have marked
lathyrogenic activity based upon its ability to increase fragility
and the amount of soluble collagen in chick embryos (25).

However,

INAH produced no skeletal deformities, and it was felt that the mode of
action of BAPN was different from this compound.

Recent studies by

Dasler, Norton and McCoy (26) have indicated that beta-hydrazinopropionitrile (BHPN) and certain of its methyl derivatives have osteolathyrogenic
properties for the rat.

These results are based on the compound’s

effect on the periosteum and the increased solubility of collagen
in implanted sponges.
As has been pointed out, malformations of mesenchymal tissue are
induced by administration of a number of compounds.

Hie lesions are

localized to the connective tissue, possibly affecting the amorphous
ground substance or the collagen, the site of action being debated by
various investigators.

Although a considerable amount of information

is known about collagen and mucopolysaccharides, the maturation of
collagen and the role mucopolysaccharides play in the process of
maturation is not definitely known (27).
Dasler (28,29) was the first to indicate that a disturbance in
collagen metabolism may occur.

Studies on wound healing revealed

a delayed collagen formation, indistinct fragile-appearing collagen
fibers, a decrease in tensile strength of the healing wound, and the
retention of an acidophilic, periodic acid-Sehiff positive material

-5in the ground substance during the first days of healing (30).
Histochemical studies of skin wounds by Krikos and Orbison (31)
indicated that differences in staining between lathyric and control
animals are quantitative rather than qualitative.

Lathyric animals

showed a decreased intensity of staining, the results indicating a
change in the number of chemically reactive groups rather than the
cause of the decrease.

They also found that reticular fibers showed

a decreased number in 3-day-old wounds of lathyric animals, and that
collagen fibers in the wounds of experimental animals failed to form
large bundles, remaining small even though exhibiting staining
reactions for collagen.
The development of collagen and production of hydroxyproline in
croton oil pouches of BAPN-treated rats was analyzed by Mielke, Lalich
and Angevine (32).

Chemical analysis of the pouches demonstrated a

decreased hydroxyproline content, and microscopic observations
revealed an increased number of fibroblasts with delayed collagen
synthesis, a fact attributed to a defect in the maturation of
fibrocytes.

A marked decrease in total hydroxyproline content of

sponge connective tissue from animals injected with audnoacetonitrile
was also reported by Enzinger and Warner (33)•

Hurley and co-worker

(3^*35) confirmed the inhibition of the maturation of fibroblasts and
the delayed formation of collagen in granuloma tissue, however, the
granuloma tissue showed no decrease in collagen when the quantity of
collagen was based on hydroxyproline content.

Similar results of

hydroxyproline content were obtained by Follis and Tousimis (36 ) in
rat epiphyseal plates and by Castellani and Castellani-Bisi (37) in
the epiphyseal plates of rabbits.

Investigations of skin, bone and

-6implanted polyvinyl sponges by other investigators have confirmed the
hypothesis that total collagen measured as hydroxyproline is not
altered in lathyric animals (22,38,39 )*
Numerous investigations have shown that an increased solubility
of collagen exists in lathyric animals (22,40-48).

Gross and Levene

(40) noted a considerable increase in the amount of extractable collagen
from the skin of guinea pigs in cold neutral salt solutions (0.45M NaCl).
They concluded that old collagen became soluble due to a defect in
intermolecular cross-linking.

Using chick embryos, it was found that

extractable collagen appeared within one hour after administration of
BAPN or semicarbazide and increased steadily with time (22).

The

collagen of the lathyric chick embryo tissues was insoluble at room
temperature, but soluble in the cold.

Further studies showed that

fragility and extractability of collagen from bones of lathyric chick
embryos are dosage dependent and parallel each other (42).
Follis and Tousimis (36) suggested that the new collagen which
was formed was not organized in fibrillar form.

However, van den Hooff,

Levene and Gross (41) in histologic examination of unextracted skin
found little difference between normal and lathyric skin.

To them the

collagen appeared in fibrillar form, but following extraction in cold
saline the width of the collagen fibrils varied within individual
bundles.

These results supported the thesis that lathyrogenie agents

act on previously formed collagen, disrupting the intermolecular bonds
and increasing the amount of collagen soluble in 1M NaCl.
Further studies by Martin et al. (43) have suggested a defect in
intramolecular cross-linking.

This was based on the observation that

a high proportion of collagen in acid extracts from lathyric tissues

was similar to newly formed salt-extractable collagen in the normal
animal.

Continued investigation by Martin, Piez and Lewis (46)

revealed that the formation of beta 1 and beta 2 subunits of collagen
was markedly reduced, although the synthesis of collagen proceeded.
It was found that the action of the lathyrogenic agent began
immediately either by disrupting intramolecular cross-links or by
interfering with their formation.
It has been debated whether the lathyrogenic agent affects
collagen previously formed or exerts its action on newly formed
collagen.

Gross and collaborators (40,4l) suggested that the

lathyrogen acts on previously formed collagen.

Smiley, Yeager and

Ziff (44) have held that administration of BAPN blocks the formation of
mature collagen fibers by blocking the cross-linking of alpha-collagen
chains and that the increased amount of the soluble collagen in lathyrlc
animals does not arise from collagen insoluble prior to administration
of the lathyrogenic agent.

More recent biochemical investigations by

Tanzer and Gross (47) suggested that the collagen extracted from
lathyric tissues is heterogenous, arising from both previously formed
collagen and collagen newly synthesized.

Autoradiographic investiga

tions of collagen synthesis by Tanzer and Hunt (48) did not support
the above thesis completely, but it was pointed out that the technique
of autoradiography employed in the study was not as quantitative as
those of the biochemical investigation.

Their results indicated that

only newly formed periosteal collagen was affected.

From the literature

it appears that the action is most likely heterogenous, possibly
affecting both the newly synthesized collagen and that which has

-8matured to some extent, but not necessarily that of very old age
•which is more likely to be unaffected.
Ponseti and Shepard (9) suggested that the defective formation
or excessive destruction of the tissue mucopolysaccharides might be
responsible for the mesenchymal lesions produced by the lathyrogenic
agents.

This was studied further by Bauer, Carlsson and IAngquist (49),

who found an increased uptake of radiosulfate in the femoral shafts of
BAPN-treated rats, probably secondary to the slipping of muscular
insertions.

This work was confirmed by Ponseti et al. (18), who also

reported equal deposition of S^5 in the epiphyseal plates of normal and
lathyric rats, and concluded that the sulfur content of chondroitin
sulfate was not altered in lathyrism.

Studying young dogs, Engfeldt,

Tegner and Bergquist (50) found that there was no change in the uptake
of radioactive sulfate in the epiphyseal plate of these animals, but
that the actual defect was a delayed transportation of sulfated
substances from the cartilage cells to the matrix.

Similar results

dealing with a delayed sequence of events in the utilization of sulfate
were demonstrated by Shintani and Taylor (51) •

Kennedy and Kennedy (52)

found no evidence of inhibited cellular utilization of labelled sulfate
in lathyric lesions, however, following autoradiograph!c studies of
amino acid utilization, they concluded that the lesions in lathyrism
resulted from an extracellular defect in the utilization of sulfated
mucopolysaccharides during the formation of collagen fibers.
While some investigators have maintained that the incorporation
of labelled sulfate was unaltered, results have been obtained indicating
increased incorporation.

Bickley and Orbison (53*54) found that BAPN

stimulated the uptake of sulfate and the synthesis of a chondroitin

-9sulfate-like material in cultures of strain L fibroblasts.

Belanger

(55) concluded from autoradiographic studies that sulfate was either
increased or unchanged, however, there appeared to be a more rapid
utilization or turnover.
Although results have indicated both unaltered and increased
incorporation of s35, many investigators hold that lesions resulting
from the administration of a lathyrogenic agent are a result of a
depressed incorporation of radioactive sulfate into the acid
mucopolysaccharides.

Kowalevski and Bnery (56) found less S^5 in

healing fracture callus of BAPN-treated rats than normal controls and
attributed this to a defect in the metabolism of the sulfated
mucopolysaccharides.

In both in vivo and in vitro studies by Kamovsky

and Kamovsky (57) the incorporation of radiosulfate into epiphyseal
cartilage was found depressed.

In the case of mice, which are very

insusceptible to lathyrogens, Akamatsu and Takahashi (58) found that
the uptake of
inhibited.

by cartilage cells of the epiphyseal plate was

Shintani and Taylor (59) showed that in vitro the lathyrogen

acted directly on the chondrocyte and caused a decreased sulfate
uptake.

Using chick embryos, Smith and Tortorella (60) noted a

reduction in radiosulfate uptake in the long bones 6 hours after the
lathyrogen was given.

Although much of the recent evidence indicates

a depressed uptake of sulfate, the actual mechanism of this defect has
not been demonstrated.
The possibility that the carbohydrate portion of the acid
mucopolysaccharide might be altered was first demonstrated by
Castellan! and Castellani-Bisi (37).

They reported a

36

percent

decrease in the hexosamine content of the epiphyseal plate in

-10AAN-treated rabbits.

This decrease in hexosamine was attributable

to the galactosamine molecule, an important constituent of chondroitin
sulfate which is the principle mucopolysaccharide of cartilaginous
tissue (61).

Since galactosamine is a constituent of chondroitin

sulfate, failure to synthesize galactosamine would lead to changes of
the chondroitin sulfate content.

This may account for the abnormal

bone formation in lathyric animals, since chondroitin sulfate may play
a role in ossification (62).

Further studies by Pedrini and Pedrini-

Mille (63) on the synthesis of hexosamine from glutamine and
glucose-6-phosphate indicated a 75*92 percent decrease of hexosamine
in cartilage of AAN-treated animals.

Addition of AAN to normal

cartilage in vitro did not have any inhibitory effect upon the
formation of hexosamine.

According to Hartmann, Seifert and Bolsing

(64), the action of the lathyrogens is theoretically explainable as an
enzyme block, •whereby BAPN may compete with glutamine for the active
site on the enzyme, hexosamine synthetase, and thus form a BAPNenzyme-complex, preventing the transfer of the amine group to glucose6-phosphate to form glucosamine.

Bolognani (65) showed that the

hexosamine content of fracture callus was decreased in AAN-treated
rats.
older.

This decrease became more marked as the fracture callus became
Recent evidence obtained by Pedrird-Mille and Pedrini (66)

confirmed the decreased hexosamine content of fracture callus in
AAN-treated rats.

The decrease was found to be approximately 50

percent as compared to controls and was due entirely to galactosamine.
Although Kamovsky and Kamovsky (57) did not find any changes in the
hexosamine levels of rat epiphyseal cartilage, chondroitin sulfate
measured as uronic acid was decreased, indicating an alteration in

-li
the carbohydrate portion of the acid mucopolysaccharide.
The first histological studies of the periosteum of lathyric
rats were made by Robinson and Bast (7), who reported that the
histology of exostoses of the femur of rats fed a diet containing
Lathyrus odoratus for 4, 7, and
fracture callus repair.

13

weeks was similar to that of

At four weeks the femoral exostoses were

described as a mass of rapidly proliferating osteogenic tissue placed
under the periosteum with the formation of bone spicules on the old
cortical bone.

After seven weeks on the sweet pea diet the osteogenic

tissue had largely disappeared, the new formed cortex was better
organized, and the old cortex below the exostoses was in the process
of resorption.

Thirteen weeks on the diet resulted in exostoses

exhibiting badly deformed osseous system, resorption of the new cortex
from the marrow side, and fatty degeneration of the bone marrow of the
old medullary cavity and that which filled the resorbed area of the
exostosis.

New bone formation in shorter-term lathyric animals was

observed at the site of muscle-tendon insertion by Ponseti and
co-workers (8,9)#

This was said to be caused by a detachment of the

periosteum from the cortical bone by muscle pull (9)#

Previous

papers had also suggested that tension exerted on the periosteum and
bone by spastic muscles produced a detachment of the periosteum from
the bone which acted as a stimulant to new bone formation by the
periosteum (7,8,67).
Teager and Hamre (68) selected for study the exostosis located at
the insertion of the pectineus and adductor longus muscles to the femur
because preliminary studies of adult rats fed a lathyrogenic diet
showed that particular exostosis to appear first and develop most

-12rapidly.

They noted no detachment of the periosteum as manifested by

hemorrhage, necrosis, or inflammation when studying the developing
adductor longus-pectineus exostosis and attributed periosteal
detachment to be an artifact produced by sectioning.

Their material

showed that in lathyrism in the rat, exostosis formation was a response
limited to the inner layer of that portion of the periosteum which
serves for insertion of the pectineus and adductor longus muscles.
Two phases were observed in the development of the exostosis:
proliferative phase and (2) an osteogenic phase.

(1) a

Proliferation of the

fibroblasts of the inner layer was noted on the first day of the
lathyrogenic diet and continued through the seventh day when
osteogenesis began.

It was concluded that the lathyrogenic agent

acted directly on the osteogenic zone since no changes occurred in the
old bone with no tearing of the periosteum.

Further studies by Hamre

and Yeager (69,70) reported that the cutting of the adductor longus
and pectineus muscles, or inactivating the muscles by destroying their
nerve supply, thus eliminating tension, resulted in failure of the
exostosis to develop.

This suggested to them that both the lathyrogenic

agent and muscle tension were necessaxy for inner periosteal cell
proliferation.
More recent work by Yeager and Gubler (71) described the 7-day
BAPN adductor longus-pectineus exostosis in the rat.

They noted that

the outer fibrous layer of the periosteum of lathyrie rats had the
same thickness and composition as in the control animals, however, it
was concluded that it must have responded considerably to accommodate
the increased volume of the inner periosteum.

The most significant

changes were in the inner periosteum where three zones were distinguished.

■13The outermost zone consisted of proliferating cells with little
intercellular material.

The middle zone of the inner periosteum was in

the process of differentiating into premarrow and preosseous areas.
Intercellular material consisting of both fibers and amorphous ground
substance was abundant in this zone.

Hie innermost zone of the inner

periosteum contained spicules of immature bone and islands of premarrow
cells.

Hie spicules were outgrowths of the old mature bone of the

femoral shaft and were covered with osteoblasts.

These three zones

were considered to have developed in sequence and further growth would
have resulted by continued ossification of the inner zone, production
of intercellular material to maintain the middle zone, and cellular
proliferation to maintain the outer zone.
The exostosis has been studied by a number of other investigators.
Rats receiving Lathvrus odoratus were studied by Menzies and Mills (72)
for five weeks and found to have a thickened femoral shaft with new
trabeculae extending into the fibrous-tissue mass.

They indicated that

there was a transformation to cartilage, osteoid and bone within the
fibrous tissue and that gradations of these structures were present.
Results obtained by Gillman and Hathora (73) demonstrated that young
rats receiving Lathvrus odoratus seeds for long periods produce a femur
consisting of two shafts, a new shaft located outside the old shaft
with new marrow located between.

Bergquist and Hulth (7*0 administered

AAN to rats for a considerable length of time and found a bone having a
thin cortex and a wide medullary cavity.

A new cortex formed outside

of the original cortex and rats receiving AAN for seven weeks had new
spicules formed outside of the secondary cortex with a tertiary cortex
forming at some sites.

Gillman and Hathora (73) suggested that the

exostoses which occur on the femur result from a defect in fiber
formation during growth, regeneration and/or repair of the connective
tissue.

Others have suggested that the exostoses may be due to a

deficiency of cement substance which results in a loosening of the
tendinous insertions

(75)• This might then produce a partial avulsion

of the periosteum from the cortex and a laying down of new bone on the
cortex.

That the periosteal response is not limited to rats was

demonstrated by Bottcher (76).

Rabbits given BAPN in their drinking

water produced a pseudosarcomatous fibrous and chondrosseus tissue
and new bone adjacent to the cortical bone.

A thin shell of bone

surrounding the old intact shaft was present in rabbits receiving
BAPN for considerable lengths of time.
Ponseti and Shepard (9) reported the presence of metachromatic
granules in the ground substance between the young fibroblasts of the
exostosis.

Investigations of lathyrlc bone lesions by Selye

(77)

demonstrated that basophilic, aldehyde-fuchsin positive globules or
corpuscles existed in the matrix of newly formed bone spicules and in
areas of cartilage undergoing bory metaplasia.

Van de Hooff (78)

has shown that these globules stain by both the von Kossa and
alizarin-red methods.
bodies that Weidenreich

These globules might be related to the calcified

(75) demonstrated at the tendon-insertion sites

in embryonic bone.
Histochsmical studies of the periosteum have attempted to
demonstrate the chemical changes which result in periosteal cell
proliferation.

Yeager and Bach (80) found that cells of the periosteum

of normal and lathyric rats were negative for phosphorylase activity.
Succinic dehydrogenase activity in osteoblasts of the inner layer of

-15periosteum of the weanling rat showed increased activity in BAPNtreated animals, but in the adult rat this increased activity was not
observed (81).

Since Clemmons and Jackson (82) found that AAN

in vitro inhibited cytochrome oxidase, Severson (83) studied the enzyme
histochemically at the site of insertion of the adductor longuspectineus muscles.

Inhibition of enzyme activity by BAPN was not

demonstrated histochemically.

Protein-bound sulfhydryl and amino

groups in the periosteal cells were studied by Yeager and Gubler (71)»
but no marked differences were observed between normal and lathyric
animals.

Nucleic acids of the developing exostosis were not altered

in BAPN-treated rats (8*0.

It therefore appears that these aspects

of protein metabolism are not affected by BAPN.

Autoradiographic

studies of cellular proliferation using tritiated thymidine by Ollerich
(85) showed that BAPN increased the rate at which labelled cells
divided.

This increased rate was noted at twelve hours post-injection

of BAPN.
Studies of fractures by Ponseti and Aleu (86) and Storey and
Varasdi (87) indicated that fracture callus in lathyric rats was
larger than callus in normal rats.

Storey and Varasdi (87) suggested

that the increased size was due to alterations in the fibrous matrix
during the early stages and later due to the abnormal accumulation of
the PAS positive globules.

Ponseti and Aleu (86) felt that the defect

occurred in the ground substance and that the enormous cellular
proliferation represents a means to replace quantity for quality.
Since response to fracture involves periosteal stimulation, the
fracture callus and the exostosis of lathyric animals have similarities.

-
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Recently, a method was developed by Yeager (88) in which an
exostosis similar to that found in lathyrlc rats could be produced.
This involved making an incision over the site of insertion of the
adductor longus-pectineus muscle, retracting the neighboring muscles,
and with a sharp pointed scalpel separating the periosteum from the
femur at the common site of insertion of the pectineus and adductor
longus muscles.

Both the pectineus and the adductor longus muscles

were left partly attached.

Grossly, the axostosis of the surgically

stimulated common insertion was similar to the BAPN stimulated
exostosis.

However, there were a number of microscopic differences,

the most striking being the presence of cartilage in all surgically
stimulated rats.

Otherwise, zones similar to those found in BAPN

stimulated animals were noted.
The review of the literature has revealed the concensus of
opinion that after 7 days of BAPN treatment the exostosis which
developed at sites of muscle attachment probably had abnormal collagen
and mucopolysaccharides.

It has been suggested by some that the

periosteal hypertrophy results as a response to periosteal tearing,
while others have considered it a direct stimulation by the toxic
compound.

Periosteal hypertrophy similar to that seen after BAPN

administration was found in rats 7 days after partial avulsion of the
adductor longus-pectineus insertion (88).

If the collagen and

mucopolysaccharides of the exostosis in rats given BAPN are altered
from that of normal repair tissue in the surgically stimulated
exostosis, then perhaps the regression of the lathyric lesion will
differ from that of a surgically induced lesion.

-17Only a few investigations have dealt with the regression of the
lesions induced by the lathyrogenic agents.

In vitro studies by Peck,

Mariz and Daughaday (89) have shown that BAPN-induced inhibition of
collagen maturation in cartilaginous tissue was partially overcome by
further incubation in the absence of BAPN.

Autoradiographic studies

by Shintani and Taylor (59) noted increased uptake of radiosulfate in
the epiphyseal plate of rats as the lesions regressed.

Eleven days

after removal of the lathyrogen from the diet the epiphyseal plate
appeared normal and concentrated as much labelled sulfate as an
epiphyseal plate of control animals.

Several authors (86,87) found

in fractured tibias a slowing in the rate of formation of bulk of
callus and denser bundles of recognizable collagen after removal of the
toxic substance from the diet.

In healing skin wounds, Enzinger and

Warner (30) noted a rapid return to normal strength and appearance.
Studies of dental changes in lathyrlc rats were reported to be returned
to normal after fourteen days on a normal diet (90).

Marwah, Dasler

and Meyer (91) noted that the exostoses on the mandible produced by
two weeks on the lathyric diet were greatly reduced in size two weeks
later on a normal diet.

Ramamurti and Taylor (92) reported that the

deformed bones of rats given BAPN for 3 weeks gradually remodelled
following BAPN removal from the diet.

Reabsorption of the excess

periosteal tissue occurred and only a slight deformity remained at the
end of two weeks.
was not given.

However, a description of the reabsorption process

Therefore, it was the purpose of this investigation to

study and compare the histological process by which the adductor
longus-pectineus exostosis of BAPN and surgically stimulated rats
regressed.

CHAPTER I I

MATERIA1S AND METHODS

The eighty-eight male and female albino rats of the Holtzman
strain used in this study were obtained when 4 weeks of age and placed
in individual cages where they received tap water and Purina Rat Chow
ad libitum.

The rats were divided into

one-half weeks.

k groups at the age of four and

When possible, rats of Groups H , III and IV were

paired according to weight and sex.

During the duration of the

experiment the general physical condition of each animal was observed
and the daily weight recorded.
Group I consisted of 3 control rats.

These animals received

neither BAPN nor surgical stimulation of the periosteum.

Throughout

the duration of the study the 3 rats were killed as follows:

the

first at 1 week, the second at 5 weeks and the final rat at 11 weeks.
Group II was composed of 35 rats receiving 150 milligrams BAPN/100
milliliters of water ad libitum on the first day of the experiment and
continuing for 7 days.

During the administration of BAPN a measured

amount of water was given daily to each animal and the amount which
had been drunk since the last feeding was measured and recorded.
day seven the first animals of this group were killed.

On

The remaining

rats were given tap water containing no BAPN for the remainder of the
experiment.

These rats were killed at time intervals ranging from two

days to ten weeks following removal of BAPN from the drinking water.

-18.

-19The time intervals and the number of animals killed at each period
are indicated in Table 1.
Thirty-three animals composed Group H I .

These rats were

subjected to surgery which produced partial avulsion of the common
insertion of the adductor longus-pectineus muscles.

The surgery was

performed the same day that BAPN was added to the drinking water of
Groups II and IV.

Rats of this group were anesthetized with ether, the

medial surface of the thigh shaved, and an incision made over the common
insertion site of the adductor longus and pectineus muscles.

The vastus

medialis and adductor raagnus muscles were retracted from the pectineus
and adductor longus muscles.

A sharp-pointed scalpel was used to

separate the periosteum from the femur at the common insertion of the
muscles as shown in Text Figure 1.

During the surgical procedure an

attempt was made to separate some of the bone spicules present at the
site of insertion.

Figure 86, Plate XXXV shows the site of insertion

immediately after surgical avulsion.

The first animals were killed 7

days after the surgical procedure and at time intervals corresponding
to those of Group II.

The time intervals and the number of animals

killed at each period are shown in Table 1.
In order to demonstrate that the proliferative response of the
periosteum was not a response limited to 1 week, and that the repair
processes in BAPN- and surgical-regression rats might be similar in
certain respects to the processes occurring in long-term lathyric
animals, 1? rats placed in Group IV were administered BAPN for varying
periods up to 10 weeks.

During the entire course of BAPN-treatment

the daily amount of water which was drunk by each rat was measured and
recorded.

Animals in this group were killed at weekly intervals

TABLE 1

Table showing the time intervals and the number of animals killed at each period.

NUMBER OF ANIMALS KILLED AT EACH TIME INTERVAL
Total
number
of

Time Interval

in Weeks

1
I

H
H
H

GROU]

_____ n

IV

1 1/3

1 2/3

2

2 1/2

3

3 1/2

if

5

6

7

8

9

10

1

1

11 animals
1

3

2

2

2

if

2

3

2

3

if

2

2

2

2

2

1

35

2

2

2

if

2

3

2

2

3

2

2

2

2

2

1

33

2

3

1

2

2

2

1

2

2
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Pectineus

Text Figure 1. Diagram showing the manner in which
the periosteum was partially avulsed from the femur
at the common site of insertion of the adductor
longus and pectineus muscles. The periosteum was
separated only between points A and B, thus the
muscles retained an attachment to the femur.

beginning 2 weeks after commencing BAPN administration and continuing
through the tenth week.

Data on the number of rats killed each week

is recorded in Table 1.
All animals were killed with ether.

Upon reaching deep

unconsciousness the rat was removed from the anesthetizing jar and
immediately skinned.

The abdominal and thoracic cavities were opened,

the lungs examined for signs of pulmonary infection and the aorta
severed.

Before severing the aorta of rats receiving BAPN for

prolonged periods the aorta was exposed as much as possible and
examined for gross signs of aortic aneurysms.

The abdominal viscera

—22—
were examined for abnormalities.

All of the muscles surrounding the

femur except the peetineus and adductor longus were removed to expose
the entire femoral shaft.

An attempt was made to measure the size

of the exostosis on femurs where they were present.

The adductor

longus-peetineus insertion on one side was photographed in a
considerable number of animals.
The rear appendages were removed and placed in Bouin-Hollande
fixative (copper acetate, 2.5 grams; picric acid,
formaldehyde solution, 10 milliliters;

k grams; 40#

7$ trichloracetic acid, 1.5

milliliters; distilled water, 100 milliliters) for three days.
Following fixation the tissues were washed for 1 day in running tap
water and decalcified in 10 percent formic acid for 2 days, when the
middle third of the femur with the insertion of the adductor longuspeetineus muscle was removed.

The removed tissue block was decalcified

for 1 more day to insure complete removal of calcium salts.

After

decalcification the tissue was washed in running tap water for onehalf day and in distilled water another one-half day.

The tissue was

then dehydrated in alcohol, cleared in either chloroform or benzene,
and infiltrated and embedded in Tissuemat (melting point 5^.5 degrees
C).

Serial cross-sections of the middle third of the femur were cut

at 7 microns.

Every fiftieth section was mounted on a slide and

stained with Harris* hematoxylin and picro-eosin.

The next

k

adjacent sections were mounted on separate slides and stained with
Masson’s trichrome stain, Weigert's resorcin-fuchsin elastic stain,
Snook’s modification of the Bielschowsky silver method for reticulum
(93)» and the combined alcian blue (pH l)-periodic acids Schiff method.
The remaining sections of a number of femurs were mounted serially

-23on slides and stained with Harris* hematoxylin and picro-eosin.
was done to observe more closely a number of interesting changes.
sections were mounted in Permount.

This
All

Study of the sections was by means

of the light microscope.
The photographs of the gross insertion were taken with a Kodak
Startech camera using Kodak Verichrome Pan film which was developed in
Microdol-X.

The photomicrographs were taken with a Kodak Pony IV

camera mounted on an American Optical Microstar microscope using High
Contrast Copy film which was developed in Acufine.

Prints were made

on Kodak PoTycontrast Rapid F paper at the desired magnifications and
developed in Dektol.

CHAPTER I H

OBSERVATIONS AND RESULTS

Hie observations and results of the experiment will be presented
as follows:

(1) General Observations, (2) Gross Observations of the

Adductor Longus-Pectineus Insertion, (3) Histological Observations of
the Adductor Longus-Pectineus Insertion, (4) Comparison of the
Adductor Longus-Pectineus Exostosis Regression in Lathyric and
Surgical Stimulated Rats and Its Similarities and Differences to LongTerm Lathyric Lesions.

General Observations

When the animals were obtained at 4 weeks of age they were
placed in individual cages and their weights recorded.

During the next

few days they were watched for signs of pulmonary infection.

At the

age of four and one-half weeks they were again weighed and observed.
Animals which shewed a loss or no gain in weight and a tendency to
sneeze were not used in this study.

Therefore, all rats started in the

experiment were considered to be normal, healthy animals.

During the

weeks following some animals developed pulmonary infections which were
obvious as lung abscesses when the rats were sacrificed.
were replaced by normal, healthy rats.

These animals

Therefore, tissues examined in

this study were all from animals free of gross pulmonary infections and
considered to be normal, healthy animals for their specific group.

-25Control rats had an average weight of 86 grams at the beginning
of the experiment.

During the first week the control rats composing

Group I gained an average of 26 grams.

The average weight gain per

week is shown in Text Figure 2.

Text Figure 2. Weight gain curve for each group of rats
in the experiment. Group I, control rats; Group II,
BAPN-regression rats; Group III, surgical-regression rats;
Group IV, long-term lathyric rats.

Rats of the BAPN-regression group had an average weight of 80
grams when first given BAPN.

The rats had gained an average of 19

grams one week after receiving BAPN daily in the drinking water, 7
grams less then the gain for control animals the first week.

Though

all rats appeared outwardly healthy after the 1 week BAPN regimen, the
depressed growth curve seemed to indicate some abnormality.

Each rat

in Group II drank approximately 25 milliliters of water containing

-

BAPN per day, thus receiving about
agent.

2635 milligrams of the lathyrogerdc

Removal of BAPN from the drinking water during the weeks

following showed that during the first week of removal the weight gain
was accelerated, and the average weight gain of Group H , two weeks
after beginning the experiment exceeded the average weight gain in
control rats.

The weight curve showing the weight gain per week for

rats of this group is found in Text Figure 2.
The average weight of the rats in the surgical-regression group
at the beginning of the experiment was

75 grams.

During the first

week of the study the rats showed a gain in weight similar to control
animals, indicating that the surgical procedure had no overall
inhibitory effects on weight gain.

Later intervals of the surgical-

regression series showed that the weight curve followed closely the
pattern set by the control and BAPN-regression groups (Text Figure 2).
Long-term BAPN administration resulted in a depressed weight
curve (Text Figure 2).

The weight gain of rats in this group averaged

18 grams during the first week, 8 grams less than the control rats and
almost identical to the weight gain in rats of Group II during the same
period.

As in Group H

the effects of BAPN on weight gain were manifest

during the first week, but gross bodily symptoms of severe lathyrism
appeared at later stages.

The daily intake of approximately 25

milliliters of water containing BAPN by each rat in this group showed
little change during the duration of the experiment, therefore, the
average dose of BAPN for each rat throughout the length of the
experiment was 35 milligrams per day.
The prolonged administration of BAPN produced symptoms such as
unkempt fur and inactivity.

Severe symptoms frequently became
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pronounced when rats had received BAPN for 5 weeks or longer.
symptoms observed in the severely lathyric rats were:

The

(l) lordosis of

the thoracic vertebral column, (2) marked deformities of the long
bones, (3) abnormalities of the thoracic cage and sternum, and (^)
awkward gait.

Symptoms of lathyrism appearing in the earlier stages

became more evident when the severe gross lesion began to appear.

The

lordosis of the vertebral column appeared to compress the spinal cord
and might have accounted for some of the lameness and marked inactivity
in later stages.

Some rats in which lordosis was present exhibited such

marked paralysis that they were unable to move about the cage.

This

was the case in animals which were to have received BAPN for eleven
weeks.

When the rats became completely immobilized they were

sacrificed and the middle third of the femurs with the exostoses was
taken and studied.

The exostoses of these animals as compared to other

rats receiving BAPN for the same length of time were occasionally
found to be larger, and it was concluded that these rats possibly
responded more to the lathyrogen than other rats which did not show as
marked exostoses.

Gross observations of the epiphyseal plates in

long-term lathyric rats indicated that marked alterations had occurred
and might have accounted for the changes in the distal femur to be
mentioned later.
Hie occurrence of hernias previously reported in lathyric rats
was not found, and examination of the abdominal viscera in all animals
showed that no gross abnormalities were present.

Lumbar lumph nodes

in rats receiving either BAPN or surgeiy were slightly larger than in
control animals, however, long-term administration of BAPN did not
appear to markedly increase the size of the lymph nodes.

Gross

-28indications of dissecting aneurysms in the aorta of long-term lathyric
rats were not noted.

Gross Observations of the Adductor
Longus-Pectlneus Insertion
The manner of origin and insertion of the adductor longus and
pectineus muscles was found to be in agreement with the description
given by Yeager and Harare (68).

The adductor longus muscle took a

broad origin from the ventral margin of the pubis.

Its proximal

portion consisted of long fleshy fibers which gradually narrowed
distally to a thin flat tendon inserting on the posteromedial side of
the middle third of the femur.

Posteriorly, the insertion of the

adductor longus was bounded by the adductor raagnus muscle.

Immediately

anterior to the origin of the adductor longus the pectineus muscle took
origin from the iliopectineal eminence and the adjacent area ventral
to the acetabulum.
short fibers.

The muscle was found to consist of both long and

The short lateral fibers inserted on the posteromedial

side on the linea aspera of the femur, extending from the lesser
trochanter to approximately the middle of the femoral shaft.

The long

medial fibers inserted without the intervention of a tendon on
approximately the middle third of the femoral shaft.

Anteriorly, the

pectineus insertion was bordered by the vastus medialis.

The adductor

longus and pectineus muscles with their site of insertion are shown in
Figure 1, Plate I.

As was pointed out by Yeager and Hamre (68), the

adductor longus muscle and the long fibers of the pectineus muscle
form a common functional unit even though the morphological insertions
of the muscle are separate.

-29Marked changes had occurred at the site of insertion of the
adductor longus and pectineus muscles after administration of BAPN for
one week to rats of Group II.

The site of insertion appeared as a

white mass located on the cortical bone.

It was observed that the

newly formed tissue was predominantly located on the side of insertion
of the adductor longus muscle.

The short lateral fibers of the

pectineus muscle demonstrated no gross response to the lathyrogenie
agent after one week on the diet.

It had been possible to follow the

muscles distinctly to their common insertion on the femur in the
control animals, however, after one week of BAPN administration the
muscles appeared to be inserting together into the mass of tissue
located on the medial side of the femoral shaft (Figure 2, Plate I).
Attempts to measure the gross size of the exostoses were not
entirely satisfactory.

The measurements demonstrated marked changes,

especially in Group IV, but measurements of small gross changes which
occurred during the various time intervals were not felt to accurately
reflect the true size of the exostosis.

The use of gross measurements

by this means had been questioned in a previous study (88).
Rats killed 2 days after removal of BAPN from the drinking water
exhibited exostoses which appeared as large or slightly larger than the
7-day BAPN exostoses.

Hie size of the exostoses might have diminished

slightly five days after removal of BAPN, but such a fact was impossible
to verify definitely at that time.

The gross characteristics of the

exostoses became less marked as the number of weeks following removal
of BAPN from the diet increased.

A less distinct exostosis was present

two and one-half weeks following removal of BAPN from the drinking
water (Figure 3» Plate II), and 5 weeks after removal of BAPN the

adductor longus-pectineus muscle insertion was almost completely
devoid of the markings which were present after the 1-week regimen of
BAPN.

Six to seven weeks post-BAPN treatment found an insertion which

was not felt to exhibit ary gross signs of an exostosis.

In these

rats the insertions of the adductor longus and pectineus muscles were
similar to those found in controls, and the cortical bone was considered
to have likeness to the cortical bone of control animals.

Figure 4,

Plate II is a photograph of an insertion 7 weeks after removal of BAPN
from the drinking water.

Similar results were found throughout the

remainder of the experiment.
Gross changes similar to those occurring at the common insertion
site of BAPN-treated rats were present 1 week following partial
avulsion of the adductor longus-pectineus insertion of Group III rats.
The insertion site appeared as a white mass of tissue located on the
cortical bone.

The white mass was not confined as predominantly to the

site of insertion of the adductor longus muscle as in Group H , but
appeared to project more anteriorly towards the vastus medialis.
However, this fact varied to some extent with different animals.
Figure 5, Plate H I is a photograph of the muscle insertion in a
surgically stimulated rat 1 week after partial surgical avulsion.

The

exostoses were considered to be in the process of regression 1 week
after the surgical stimulation, since there appeared to be a decreased
prominence of the structure after this period.

Figure 6, Plate III

shows the muscle insertion 1 week after it was considered to be in the
process of regression.

Gross observation after two and one-half weeks

regression indicated that the insertion site was rapidly returning to
normal (Figure 7, Plate IV).

The process of regression continued and

-31rats of 5 weeks regression exhibited little gross indications that
trauma had occurred at the common insertion of the muscles.

Gross

indications of the surgical stimulation were not present in the 6-week
regression rats (Figure 8, Plate IV), and this was confirmed in later
stages of the series.
Gross changes at the common insertion of the adductor longus and
pectineus muscles were very marked in long-term lathyrie animals.

Ihe

exostosis appeared larger after 2 weeks of BAPN than at any time
following removal of the lathyrogen from the diet, and the changes at the
common insertion of the two muscles were more noticeable.

Grossly, the

changes at the insertion of the long medial fibers of the pectineus
became more distinct together with an enlargement of the adductor longus
insertion (Figure 9, Plate V).

The more proximal insertion of the

pectineus was also noted to have responded to the lathyrogenic agent.
During the neoct several weeks the exostosis continued to increase in
size, and the insertion sites of the two muscles appeared to separate,
a fact that seemed to be responsible for the separation of their
fleshy portions (Figure 10, Plate V).

Prolonged BAPN administration

caused the adductor longus-pectineus exostosis to continue enlarging.
Figure 11, Plate VI is a photograph showing the adductor longuspectineus exostosis of a rat receiving BAPN for 7 weeks.

Examination

of the muscle showed that both the muscles had atrophied, the adductor
longus being most markedly degenerated.

The atrophy of the muscle

appeared to be due to the development of the exostosis which advanced
towards the origin of the muscle, thus eliminating some of the muscle
tension.

Two peaks in the extosis corresponding to the muscle

insertions were noted

-32It was observed in several rats receiving BAPN for long periods
that the femur distal to the exostosis was extremely large (Figure 11,
Plate VI).

This response was presumed to be due to a tearing of the

periosteum in the distal femur when a slipping of the epiphysis
occurred.

Gross observation of the distal femoral epiphysis and the

proximal tibial epiphysis revealed a very distorted mass of tissue
which appeared to have undergone abrupt change.

Marked changes of the

epiphysis have been reported to occur in animals administered
lathyrogenic agents (9).
The largest exostosis in Group IV was found in the rat given
BAPN for 10 weeks (Figure 12, Plate VI).

Periosteal response was

extremely marked on the side of insertion of the adductor longus
muscle with considerable atrophy of the muscle.
exhibit as marked an atrophy.

The pectineus did not

Although the white tissue mass had

beoome extremely large at the insertion of the adductor longus muscle,
the tendon of insertion remained distinct.

Histological Observations of the Adductor
Longus-Pectineus Insertion

Normal Periosteum
The histological features of the periosteum at the adductor
longus-pectineus insertion have been thoroughly described by a number
of investigators (68,9*0.

Normal periosteum which does not serve as a

point of attachment for muscles or ligaments was found to conform to
descriptions given in histology textbooks.

The periosteum has been

considered by histologists to consist of two layers, an outer fibrous
layer and an inner osteogenic layer.

The outer fibrous layer

-33consisted of dense parallel bundles of collagen fibers separated by
spindle-shaped fibroblasts, and numerous elastic fibers.

The inner

osteogenic layer was composed of resting periosteal cells located
between collagenous and reticular fibers immediately below the fibrous
periosteum, and osteoblasts covered the circumference of the outer
femoral cortex.

Elastic fibers were absent from the inner periosteum.

The morphology of the resting periosteal cells appeared similar to that
of very young fibroblasts.
Osteoblasts which covered the cortical bone were fusiform or
cuboidal in shape and demonstrated considerable basophilia in
hematoxylin and eosin section.

Osteoclasts were found occasionally

along the cortical bone deep to the inner periosteum in 1- and 5-week
control animals, usually opposite the adductor longus-pectineus
insertion.

This agrees with previous observations by Sether

(9*0 •

However, in the 11-week control rat no osteoclasts were observed in
the sections examined.

Generally, the endosteum of the cortex was

covered with pyriform-shaped osteoblasts with few osteoclasts visible.
Some areas of the inner cortex in the 1- and 5-week control rats
showed that endosteal remodelling was occurring.

This was most apparent

along the side of insertion of the adductor longus and pectineus
muscles, and on the side opposite their insertion where osteoclasts
were found beneath the inner periosteum.
Periosteum at the site of the adductor longus-pectineus
insertion was thicker than in other periosteal areas (Figure 13,
Plate VII).

The thickened periosteum was due to an increased number

of resting periosteal cells, large collagen bundles, and reticular
fibers in this area.

On the anterior side or the side of the pectineus

-34th© thickened periosteum terminated rapidly, while on the side of the
adductor longus insertion the inner layer of the periosteum remained
fairly thick for a considerable distance along the circumference of the
bone, gradually disappearing as the lateral side was reached.

Both

distally and proximally from the common insertion of the muscles the
inner periosteum diminished in thickness and continued as the thin
periosteum previously described.

The fibrous periosteum could be

followed upwards on the adductor longus tendon and gradually was found
to pass through the collagenous bundles of the tendon and the insertion
of the pectineus.

By means of the elastin stain cross-sections of the

elastic fibers of the fibrous periosteum could be followed with
difficulty across the insertion area.
The femoral cortex was composed of thin layers of incomplete
circumferential lamellae separated at irregular intervals by Volkmann’s
canals and occasional Haversian canals surrounded by a narrow system
of Haversian lamellae.

Usually areas of bone containing cartilaginous

rests were observed above and below the incomplete circumferential
lamellae.

In the area of the common insertion of the adductor longus-

pectineus muscles an incomplete layer of circumferential lamellae was
placed cap-like over the bone containing cartilage rests (Figure 14,
Plate VII).

Sharpey’s fibers could be seen

entering the cap-like

covering of bone.
Sections stained by means of the alcian blue-periodic acid-Sehiff
(PAS) technique showed that the entire fibrous periosteum was PAS
positive.

The inner periosteum at the insertion site was predominantly

alcian blue positive, while that other than at the insertion site was
PAS positive.

Bone was PAS positive, while cartilage rests located in

-35the cortical bone stained intensely with alcian blue.

BAPN Stimulated Periosteum
A histological study of the periosteum at the common insertion
of the adductor longus-pectineus muscles showed that rats given BAPN
for seven days underwent changes similar to those described by previous
investigators.

Yeager and Gubler (71) described the exostosis as having

three zones beneath the fibrous periosteum, a zone of proliferation, a
middle zone or zone of intercellular material, and a zone of osteo
genesis.

However, their description of the exostosis was only of the

central region.
description.

Sether (9*0 found it necessary to expand the

He divided the exostosis into proximal, central and

distal portions and showed that the three zones previously described
were not present throughout the entire length of the exostosis.
However, it was carefully pointed out that the exostosis was one
structure and that a gradual transition from one portion to the next
existed.
In the present study the exostosis was divided in a manner similar
to that described by Sether

(9*0 • A diagram of the proximal two-thirds

of the femur of a rat given BAPN for seven days showing the insertion
of the adductor longus and pectineus muscles, together with projections
drawings of cross-sections from the distal, central and proximal
portions are shown in Text Figure 3.

Figures 15, 16 and 17, Plate VIII

are photomicrographs of these same areas.
The author recommends that before the reader commences on a
careful reading of the histological description, he turn to the Appendix
and scan the photomicrographs and their descriptions, beginning with

-36Figure 13, Plate VII and going through Figure 66, Plate XXV.

By-

observing the changes which occur in the exostosis as shown by the
photomicrographs, one can obtain a basic concept of the method by which
the exostosis regressed in the regression groups and by which it
enlarged with continued BAPN administration.
The distal portion of the exostosis was defined as the distal end
of the common insertion of the adductor longus and pectineus muscles.
As seen in cross-section the exostosis in this region was thin and
wide, extending around the posterior surface of the femur (Text Figure 3

A

A

B

C

B

C

Text Figure 3* A drawing of the posterior view of the
proximal two-thirds of the left femur and semidiagramatic
projection drawings of transverse sections from the distal
(A), central (B) and proximal (C) portions of the
adductor longus-pectineus exostosis of a rat given BAPN
for 7 days. New bone spicules are shown in black. AL,
adductor longus tendon; P, medial fibers of the pectineus
muscle; LT, lesser trochanter; GT, greater trochanter;
TT, third trochanter; ZP, zone of proliferation; I,
intercellular zone; CB, cortical bone.

-37and Figure 15, Plate VIII).

The histological appearance of the region

was in fairly close agreement with the description given by Sether

(9*0 •

The outer fibrous periosteal layer containing dense collagen fibers
and elastic fibers covered the inner periosteum.
considered to constitute the inner periosteum:

Three zones were
(1) a zone of

proliferation, (2) a thin zone of intercellular material, and (3) a
zone of osteogenesis.
the proliferative zone.

Mitotic figures were present among the cells of
The proliferative zone gradually merged on

the anterior and posterior surfaces of the exostosis with the thin inner
layer of the periosteum surrounding the remainder of the femur.

Deep to

the proliferative zone was a very thin zone of intercellular material.
The histological features of the proliferative and intercellular zones
were basically the same as in the central portion of the exostosis
described in the next paragraph, however, the two zones were thinner in
this portion.

Located immediately underneath the intercellular zone

was the zone of osteogenesis.

Bone spicule formation was prominent in

this zone, especially on the side of the adductor longus insertion.
bone spicules which projected from the femoral cortex towards the
intercellular and proliferative zones were formed of immature bone
covered with osteoblasts and separated by areas of premarrow tissue.
Cartilage rests were evident within the femoral cortex.
The central portion of the 7-day BAPN adductor longus-pectineus
exostosis was defined as the region of the exostosis with greatest
cross-sectional area (Text Figure 3 and Figure 16, Plate V I H ) .

The

fibrous periosteum as described in the distal portion formed a
continuous covering over the exostosis.

In this portion the three

zones of the inner periosteum as defined by Yeager and Gubler (71)

The

-38were very evident.

Immediately beneath the fibrous periosteum was the

zone of proliferation.

The proliferative zone was observed to merge

with the inner layer of the normal periosteum on both the anterior and
posterior surfaces of the femur.

The cells of the proliferative zone

were larger and less differentiated, and appeared more as mesenchymal
cells than the inner periosteal cells of control animals.
material was minimal in the proliferative zone.

Intercellular

Mitotic cells which

were present in the distal portion were seen with more frequency here
(Figure 67, Plate XXVI).

The increased size of the exostosis in this

portion was due to the formation of the middle zone consisting
predominantly of intercellular material (Figure 68, Plate XXVI).

Cells

present in the intercellular zone seemed to be undergoing a morphological
change in shape, no longer appearing as undifferentiated cells, but
beginning to assume a rounded or fusiform appearance.

Together with

the morphological changes an increased cytoplasmic basophilia was noted
as the cells became more deeply placed in the intercellular zone.
Cellular areas of pretnarrow tissue and sparsely cellular preosseous
areas became apparent near the osteogenic zone.
fibers were readily apparent throughout the zone.

Collagen and reticular
It was concluded

from these results that the cells of the periosteal response were of
similar lineage, the outer proliferating zone of cells serving as a
reserve from which the differentiating cells of the intercellular zone
were progressively supplemented.

A gradual transition from younger

and less differentiated cells in the proliferative zone to older and
more highly differentiated cells in the intercellular zone seemed to
be the natural sequence.

The zone of osteogenesis demonstrated only

minimal development in the central portion of the exostosis.

Immature

-39bone spicules overlaid with osteoblasts and separated by premarrow
tissue were noted to have begun to project from the femoral cortex
into the zone of intercellular material.
was not considered to have occurred.

Deposition of mature bone

As in the distal portion,

cartilage rests were present within the femoral cortex below the
insertion site.
The proximal portion of the 7-day BAPN exostosis was defined as
the region located immediately proximal to the insertion of the
adductor longus tendon (Text Figure 3 and Figure 17, Plate VIII).

At

this level the exostosis was somewhat decreased in height, but continued
to remain fairly broad.

The reduced height was accounted for by the

decreased thickness of the middle or intercellular zone.

The fibrous

periosteum with its elastic fibers could be followed across the
exostosis just beneath the muscle fibers of the pectineus.

Capping the

deeper zones of the inner periosteum was the zone of proliferation.
Histologically, the zone was similar to that in other portions of the
exostosis with mitotic cells being less frequent than in the central
portion.

A thin zone of intercellular material was present.

This zone

could be followed in more distal sections of the exostosis where it
expanded into the large intercellular zone of the central portion.

The

osteogenic zone was more prominent than in the central portion and
somewhat similar to the distal region of the exostosis.

The immature

bone spicules covered with osteoblasts were separated from one another
by areas of premarrow tissue and projected from the femoral cortex
towards the periphery.

Cartilage rests found in the femoral cortex

below the adductor longus-pectineus exostosis in other portions were
not present.

-40Osteoclasts were not observed within the adductor longuspectineus exostosis of rats administered BAPN for 1 week, while the
occurrence of osteoclasts deep to the periosteum surrounding the
remainder of the femur became more frequent following the 1-week
regimen.

The osteoclasts seemed to appear most frequently on the

lateral side of the femur, opposite the distal portion of the exostosis.
Endosteal remodelling was evident in the femurs, but the occurrence of
osteoclasts was not frequent.
By means of the combined alcian blue-PAS technique the PAS
positive bone globules first described by Selye (77) were noted to be
present at sites of new bone formation (Figure

69,

Plate XXVII).

The

PAS positive globules were also located in the zone of intercellular
material in areas which were considered to be preparing for bone
spicule formation.

The globules were later seen with difficulty in

the newly formed bone spicules.

Although most of the globules stained

by means of the PAS technique, some were observed to be alcian blue
positive, while others stained by both techniques.
Gross and histological observations of all exostoses two days
after placing the rats on a normal diet showed that the size of the
exostosis had increased.

Histologically a considerable number of

changes had occurred.
The distal region of the 2-day BAPN-regression exostosis was
found to be markedly different (Figure 18, Plate IX).

A fibrous

periosteum as previously described covered the inner periosteum.

The

proliferative and intercellular zones were considered to have
disappeared, while the osteogenic zone had advanced towards the
periphery of the exostosis and replaced most of the soft tissue in the

-41distal portion except that -which had formed a new inner periosteum.
Cells destined to be osteoblasts were still present at the junction of
the osteogenic zone and the inner periosteum.

Osteoclasts became more

prominent below the inner periosteum along the circumference of the
femur during the 2-day regression period, except in the region of the
exostosis where occasional osteoclasts were found on the bone spicules.
Resorption of the femoral cortex was especially noted on the posterior
side of the femur, deep to the adductor longus insertion.

In the 7-day

BAPN rat this site was observed to be one of the first to form new
spicules.
Ihe most remarkable change in the central portion of the 2-day
BAPN-regression exostosis was the increased number of newly formed
immature bone spicules (Figure 19, Plate IX).

Spicule formation was

especially prominent on the posterior surface of the femur below the
insertion of the adductor longus and in the anterior portion below the
pectineus insertion.

The center of the exostosis possessed more bone

spicules than two days previously, but it was obviously deficient in
spicules when compared to the periphery.

As a result of the increased

number of bone spicules the zone of intercellular material appeared to
have diminished.

Closer examination of the intercellular zone revealed

the presence of cartilage cells, usually, but not always, in close
association with the peripherally forming bone spicules, especially
those on the anterior surface of the femur.
were intensely alcian blue positive.

The cartilaginous areas

Wherever cartilaginous tissue was

associated with bone spicules, numerous chondroclasts were found.

Most

of the cells in the intercellular zone were similar to those in the
7-day BAPN exostosis, but occasional pyknotic cells were observed

-42(Figure 70, Plate XXVII).

Located above the zone of intercellular

material was the proliferative zone which possessed fewer mitotic
figures than seen several days earlier.

The proliferative zone merged

with the inner periosteum on the anterior and posterior surfaces of the
exostosis.

At the periphery of the exostosis where bone spicule

formation was prominent an inner periosteum similar to that at sites
other than at the muscle insertion was becoming apparent.

The fibrous

periosteum covered the proliferative zone and continued around the femur.
Osteoclasts were infrequent in the exostosis except at areas of
cartilaginous tissue where osteoclasts and/or ehondroclasts were
frequent.

Occasional osteoclasts were noted deep to the inner

periosteum surrounding the remainder of the femoral shaft.

Endosteal

remodelling of the femoral cortex was usually less pronounced than in
the distal region of the exostosis.
The proximal portion of the 2-day BAPN-regression exostosis
resembled in some ways the distal region (Figure 20, Plate IX).

The

gross histological description was as noted in the 7-day BAPN
exostosis, the portion being decreased in height compared to the
central part, but still fairly broad.

A fibrous periosteum was

present, below which the proliferative and intercellular zones of the
7-day BAPN exostosis had largely disappeared.

Some of the cells in the

remaining proliferative zone were similar to those seen at 7 days, but
most appeared as cells found in the normal inner periosteum.

The

middle or intercellular zone was considered to be absent, while the
osteogenic zone completely filled the area between the fairly normal
appearing periosteum and the old cortical bone.

Osteoblasts covered

the bone spicules on which a slight deposition of mature or laminated

bone was beginning to occur, a fact also observed in the other regions
of the 2-day BAPN-regression exostosis.

Occasional osteoclasts were

found among the bone spicules in the proximal portion of the exostosis
and beneath the surrounding periosteum.

Endosteal bone remodelling was

more apparent than in the central region, but the presence of
osteoclasts was infrequent.
Changes observed 5 days after placing the rats on a normal diet
were further manifestations of processes beginning several days
earlier,

Distally, the exostosis of the 5-day BAPN-regression rats

was composed of immature bone spicules on which mature bone was being
deposited (Figure 21, Plate X).

Spicules which were adjacent to the old

cortex were undergoing osteoclasis and beginning to be replaced by
hematopoietic tissue.

Resorption of the femoral cortex below the

adductor longus insertion resulted in the cortex appearing as being
composed of bone spicules.

The new bone spicules which had formed on

the femoral cortex in the region of cortical resorption were now fusing
together because of the deposition of mature bone, thus beginning the
formation of a new cortex.

Formation of a new cortex was also occurring

on the side of the pectineus, but resorption of the old cortex was not
as marked in this area.

An inner and outer periosteum similar to that

of control animals was usually apparent outside the new cortex.
After an interval of several days from the previous observation,
the peripheral bone spicules in the anterior and posterior regions of
the central portion of the exostosis had extended medially and replaced
some of the intercellular and proliferating zones (Figure 22, Plate X).
Mature bone was being deposited on the spicules, and the peripheral
portions of the spicules in the anterior and posterior regions were

forming a new cortex.

The process of forming a new cortex continued

through subsequent stages in all portions of the exostosis until it
became a compact structure at 6 or 7 weeks.

Resorption of the femoral

cortex was most marked in the posterolateral portion.

Ihe center of

the central portion of the exostosis still had a prominent zone of
intercellular material which continued to contain scattered masses of
cartilage cells, together with some sites which possessed only a few
cartilage cells.
zone.

Pyknotic cells persisted within the intercellular

Mitotic figures were very infrequent in the proliferative zone

which was noted to be decreasing in size.

Ihe proliferative zone

merged with the normally thin inner periosteum which now covered the
newly forming cortex of the exostosis.
previously described was present.

A fibrous periosteum as

Osteoclasts were becoming less

frequent deep to the normal thin periosteum surrounding the femur,
while among the bone spicules of the exostosis and in relation to the
cartilaginous tissue undergoing endochondral bone formation, osteoclasts
were commonly seen.

Areas of osteoclasis were being replaced by new

bone marrow.
The proximal region of the 5-day BAPN-regression exostosis was
composed entirely of bone spicules (Figure 23, Plate X).

The peripheral

spicules around the entire circumference of the exostosis were being
fused together by the deposition of mature bone.

Whether more mature

bone had been deposited at this time on the peripheral spicules than
on the proximal spicules was difficult to definitely ascertain.
Osteoclasts were found throughout the exostosis, and osteoclasis of the
bone spicules was farthest advanced near the old femoral cortex.

Sites

where osteoclasis had occurred were replaced by new bone marrow.
Resorption of the posterior portion of the femoral cortex was evident.
When using the combined alcian blue-PAS technique, mature or
laminated bone was stained by only the PAS technique, while the immature
bone was positive with both the alcian blue and PAS stains.

Mature

bone could likewise be distinguished by the hematoxylin and eosin, and
reticulum staining procedures.
formed at the present time.

Both mature and immature bone were being

Immature bone continued to form until the

cortex had become a delineated structure.

Areas of cartilaginous

tissue were very alcian blue positive, and the PAS positive globules
noted previously at sites of newly forming spicules in 7-day BAPNtreated rats were present between the cartilage cells.

likewise, the

PAS positive globules were seen at sites of new immature bone spicule
formation.
It was pointed out previously that the changes occurring during
the first five days of regression in the lathyric exostosis were
continuous processes.

One week BAPN-regression showed an exostosis

which confirmed these uninterrupted changes.

Histological observations

of later stages in the process of regression were likewise a further
manifestation of mechanisms placed in motion during the first week on
a normal diet.
The distal portion of the 1-week BAPN-regression exostosis was
covered with an outer and inner periosteum similar to that of normal
rats (Figure

2k, Plate Xl).

The periosteum covering the exostosis

continued around the remainder of the femoral cortex.

Osteoclasts

were located with frequency deep to the inner periosteum covering the
exostosis and were occasionally found deep to the inner periosteum
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Bone spicules which

occupied the area between the periosteum and the old femoral cortex
were covered with osteoblasts, more prominent at the periphery than in
deeper areas where osteoclasis was evident.

Deposition of mature bone

on the peripheral portions of the spicules was apparent, thus continuing
the formation of the new femoral cortex.

Osteoclasts were distributed

throughout the exostosis with osteoclasis being most advanced in the
anterior portion below the pectineus insertion and on the posterior
surface of the femur below the insertion of the adductor longus.

The

old cortex usually showed marked signs of resorption.
The fibrous periosteum could be followed around the entire femur
in the central portion of the 1-week BAPN-regression exostosis.

Except

at the apex of the exostosis the inner periosteum was the same as in
the region of control rats.
showing the central portion.

Figure 25, Plate XI is a cross-section
At the apex a new femoral cortex had not

been completed, and the zones of intercellular material and prolifera
tion were still present to a limited extent.

Perhaps the proliferative

zone should have been considered absent since mary cells in the area
called the proliferative zone were similar to those in the same part of
the insertion in control animals, and mitotic figures were very
infrequent.

As previously mentioned, the proliferative zone merged

with the normal inner periosteum on the anterior and posterior surfaces
of the femur.

Numerous pyknotic cells were observed within the

intercellular zone.

Areas of cartilage which were prominent during the

past week were now becoming calcified and were located at the junction
of the intercellular and osteogenic zones.

Examination of the

intercellular zone during the second week of regression revealed that

-47areas of cartilage were no longer present.

Immature bone spicules

located at the periphery of the exostosis were covered by cuboidal or
low-columnar shaped, basophilic osteoblasts, while spicules in the
center of the exostosis above the femoral cortex were overlaid with
osteoblasts which were less basophilic and had the appearance of
low-cuboidal or squamous cells (Figure 71, Plate XXVIII and Figure 72,
Plate XXVIH).

Deposition of mature bone was more evident on the

peripheral spicules where a new femoral cortex was forming.

Osteoclasts

were distributed throughout the osteogenic zone, and marrow cavity
formation was evident as in the distal portion, but not as advanced.
The PAS positive globules were still occurring in areas where new
immature bone formation was taking place.
As was noted in the other stages of regression the proximal
portion of the exostoses was similar in some aspects to the distal
region.

Figure 26, Plate XI shows the proximal portion of a 1-week

BAPN-regression exostosis.

A periosteum normal for this portion of the

femur was present, and the new femoral cortex located below was in the
process of being completed.
cortex.

Bone spicules were numerous below the new

Active osteoblasts were not found in great numbers except

where the new cortex was in the process of formation.

Osteoclasts were

eroding the bone spicules below the new cortex, and new marrow with
large venous sinuses was filling the spaces between the spicules.
Resorption of the old cortex was in progress, however, usually less
advanced than in the distal region.
The main changes during the second week of BAPN-regression
involved the bony parts of the exostosis.

Osteoclasis continued in

the distal portion of the exostosis with the removal of the spicules

adjacent to the old cortex (Figure 27, Plate XTI).
disappeared as the spicules regressed.

The osteoclasts

The peripheral portions of the

immature spicules located below the periosteum became enwraped with
more mature bone and were incorporated into the new cortex.
period the cortex had not become a compact structure.

At this

Resorption of

the old cortex had continued during the week, the process being most
advanced on the posterior side of the femur below the adductor longus
insertion.

The process of resorption of the old femoral cortex

continued throughout the entire duration of the regression study with
remnants of the old cortex still remaining after 10 weeks.

Osteoclasts

were not observed to be frequent during the removal of the cortex.
Resorption was noticeable on both the endosteal and periosteal sides of
the cortex, but usually was more apparent on the periosteal side.
The periosteum in the central portion during the second week of
BAPN-regression began to assume the appearance of that observed in
control animals (Figure 28, Plate XII).

Bone spicules between the old

and new cortex were gradually being removed by osteoclasts.

The number

of osteoclasts decreased and gradually disappeared as the spicules began
to diminish.

Hematopoietic tissue came to fill the new cavity formed

by removal of the spicules.

Resorption of the old cortex appeared to

continue as connections between the old medullary cavity and the area
of spicule resorption occasionally became evident.

Formation of the

new compact cortex was still in the process of completion.
Proximally, changes similar to those in the other regions were
in progress (Figure 29, Plate XII).

The new femoral cortex was better

formed than at a week previous, but it had not yet formed a solid bony
structure.

However, the new cortex was a more compact structure here

-*»9than in the central portion.
cortex were being resorbed.

Bone spicules below the newly formed
Osteoclasts gradually disappeared during

the week, and after the end of the second week regression only small
spicules were located in the newly formed bone marrow.
During the next three weeks of BAPN-regression the spicules which
remained in the distal end of the exostosis after two weeks regression
continued to be resorbed (Figure 30» Plate XIH).
very infrequent.

Osteoclasts were

The spicules were generally present during the third

and fourth weeks of regression, but very rarely found to ary extent
after five weeks.

Hie old cortex which was usually quite prominent

following the second week of regression became thinner during the next
three weeks and was frequently discontinuous in this portion.
The inner periosteum in the central portion had previously assumed
the morphology of that in the same region of control rats (Figure 31*
Plate XIII).

Hie new cortical bone immediately below the periosteum

became a more compact structure during the period.

This occurred by

the deposition of mature bone which led to the formation of small
Haversian systems within the femoral cortex.

Incomplete circumferential

lamellae were observed to be in the process of formation below the
periosteum in the 4- and 5-week RAPN-regression exostoses.

These

lamellae were also seen on the endosteal surface beneath the peetineus
insertion (Figure 73, Plate XXIX).

Bone spicules present between the

old and new cortex continued to be resorbed, together with the old
femoral cortex which had become markedly thinned during the five weeks
of regression.
The femoral cortex in the proximal portion during these three
weeks likewise became a more compact structure (Figure 32, Plate XIII).

-50Bone spicules which were present after two weeks RAPN-regression
continued to be resorbed, together with the old femoral cortex.
The new femoral cortex became a compact structure during the
sixth and seventh weeks of regression (Figure 33» Plate XIV).

A common

observation in the control animals was the deposition of circumferential
lamellae beneath the common insertion of the adductor longus and
pectineus muscles.

This was not observed early in the study in rats

given BAPN because of the rapid deposition of soft tissue.

However,

when the new cortex had become a solid structure after 7 weeks regression
the deposition of new circumferential lamellae on the newly formed
cortex was prominent.

This deposition of lamellae was previously

observed to have begun during the fourth and fifth weeks of regression
and appeared to be possibly still in progress after 10 weeks regression.
Endosteal lamellae observed below the pectineus insertion during the
fourth and fifth weeks were reconfirmed.

Resorption of the spicules

in the central portion not incorporated into the new cortex was
completed after the seventh or eighth week of regression.

Hie old

femoral cortex continued to remain as a thin band of bone within the
marrow cavity.
Changes in the old cortex were considerable during the first five
weeks of the BAPN-regression study, being most marked during the first
two weeks.

It was interesting to observe that the old femoral cortex

which remained after 10 weeks regression possessed very few cartilage
rests and consisted mainly of thin bone lamellae.

Figure 3^» Plate XIV

is a photomicrograph of a 10-week regression femur at approximately the
center of the adductor longus-pectineus insertion.

The remaining

cortex was usually attached to the anterior portion of the femur, below

-51the pectineus insertion.

Endosteal deposition of lamellae was known

to occur below the area of the pectineus insertion in control rats.
Although resorption of the femoral cortex was in progress during the
remodelling of the exostosis, endosteal osteoblasts which were present
in the area of the old cortex were thought to have deposited bone and
formed the lamellae which constituted the thin femoral corteoc remaining
in the marrow cavity.

It was not felt that the old cortex would become

larger, for during the entire period of regression it had gradually
become thinner and osteoblasts which lined the old cortex after 10
weeks regression appeared as low, inactive cuboidal cells.

The changes

in the old cortex were slight during the last five weeks of the study,
and it appeared that the remaining bone was there to stay for a long
time.
When the adductor longus-pectineus insertion of the BAPNregression series in the last stage examined was compared to the
adductor longus-pectineus insertion in a control rat of the same age,
certain similarities and differences were noted.

Grossly, the outline

of the femur in the BAPN-regression rat was similar in appearance to
the femur of the control rat, however, the new cortex at the insertion
projected further outward than the insertion site in the control rat.
Also, remains of the old femoral cortex were present.
two main differences were observed.

Histologically,

First was the lack of cartilaginous

rests within the cortex below the adductor longus-pectineus insertion.
As was mentioned, incomplete circumferential lamellae were being
deposited in the later stages of the regression series on both the
endosteal and periosteal surfaces of the newly formed cortex.

However,

in control rats cartilage rests were present between the bone lamellae
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•which were deposited.

The second difference was the more frequent

occurrence of small, distinct Haversian systems within the newly formed
cortex of the BAPN-regression group (Figure 7*S Plate XXII).

Osteocytes

were noted to have been trapped in the mature bone which was deposited,
and a blood vessel was frequently present in the Haversian canal.
Haversian type systems were only occasionally observed in the normal
femur.
Use of the alcian blue-PAS techniques revealed an interesting
fact concerning the bone marrow.

Previous studies by Gillman (95) and

Takeoka, Angevine and Lalich (96) have reported an increased number of
mast cells in the bone marrow of rats treated with lathyrogenic agents.
In this experiment, rats given BAPN for one week showed no increase in
the number of mast cells in the bone marrow when stained by the combined
alcian blue-PAS method.

However, as osteoclasis of the bone spicules

occurred and new marrow replaced the removed spicules, numerous cells
which stained alcian blue positive and were considered to be mast cells,
were present in the marrow tissue (Figure 75, Plate XXX).

Surgically Stimulated Periosteum
Gross observation of the surgically avulsed adductor longuspectineus insertion in rats 1 week after the partial avulsion showed
that the gross appearance of the response was similar to that
occurring at the insertion site of BAPN-treated rats.

Histological

examination of the surgically produced exostosis by Yeager (88) had
shown that the three zones previously described in the BAPN stimulated
periosteum were present.

However, cartilage and osteoclasts were seen

in the 1-week surgically stimulated insertion, a feature not found in
the lathyric exostosis.
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surgically stimulated adductor longus-pectineus insertion to the
insertion in rats given BAPN, it was felt necessary to divide the
exostosis produced by the surgical procedure into the same three
portions used in describing the BAPN stimulated insertion.

A diagram

of the proximal two-thirds of the rat femur in which the adductor
longus-pectineus insertion was partially avulsed seven days previously
is shown in Text Figure 4.

Included with this diagram are projection

drawings of cross-sections from the distal, central and proximal
portions of the femoral exostosis.

Photomicrographs of these areas

are shown in Figures 35» 36, and 3?» Plate XV.
After studying the exostoses produced by surgical avulsion of
the periosteum at the adductor longus-pectineus insertion, it was
found more difficult to describe the resulting exostoses than those
occurring due to BAPN administration.

The difficulty was due to the

diffuse morphological pattern which differed in exostoses following
periosteal avulsion.

Differences in the morphology of the periosteal

response might be accounted for by the surgical procedure.

Passage

of the scalpel blade through the area of the adductor longus-pectineus
insertion produced a severe wound, stimulating both the periosteum
and fibroblasts associated with the collagen fibers of the adductor
longus tendon and pectineus insertion.

Minute alterations in the

procedure such as the length of the cut, the angle at which the scalpel
blade was held, and the amount of bone scraped from the femoral cortex
could account for the different morphologies of the exostoses.
Therefore, as in the description of the exostosis occurring with BAPN
administration, an attempt has been made to describe the features

Text Figure 4. A drawing of the posterior view of the
proximal two-thirds of the left femur and semidiagramatic
projections drawings of transverse sections from the distal
(A), central (B) and proximal (C) portions of the adductor
longus-pectineus exostosis of a rat in which the common
insertion of the muscles was partially avulsed 7 days
previously. New bone spicules are shown in black. AL,
adductor longus tendon; P, medial fibers of the pectineus
muscle; LT, lesser trochanter; GT, greater trochanter;
TT, third trochanter; ZP, zone of proliferation; I, inter
cellular zone; CB, cortical bone.

necessary to understand the general process by which the surgical
lesion was mended and returned to a normal appearing structure.

The

exostoses of all femurs were considered and a general description of
the processes occurring at the time interval or intervals was given.
The distal end of the exostosis in the 1-week surgical rat is a
broad structure having relatively little thickness (Text Figure 4 and
Figure 35» Plate XV).

The outer surface of the exostosis was covered
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bundles of collagen fibers separated by fibroblasts.

Beneath the

fibrous periosteum was a zone of cells assuming the appearance of an
inner periosteum normal for this region of the femur.

This zone

gradually merged with the inner periosteum stirrounding the remainder
of the femoral shaft.

Cells of this zone located at its junction with

the osteogenic zone were giving rise to preosseous tissue (Figure 76,
Plate XXX).

Following the entire zone prcndmally showed that it

gradually expanded into the zones of proliferation and intercellular
material which will be described for the central portion.
below this zone was the osteogenic zone.

Immediately

This zone was characterized

by numerous immature bone spicules placed on the cortical bone and
covered with osteoblasts which were just beginning to form mature bone.
Osteoblasts located towards the peripheral portion of the spicules were
very basophilic and low-columnar in shape, while osteoblasts closer to
the femoral cortex were usually a low-euboidal cell.

Premarrow tissue

separated the immature bone spicules which stained by both the alcian
blue and PAS techniques.

The bone spicules followed the circumference

of the femoral cortex on the medial side below the common insertion and
continued along the posterior femoral surface below the adductor longus
insertion.

Osteoclasts were infrequent in the area of the exostosis,

but were occasionally present deep to the inner periosteum along the
circumference of the femur, being most frequent on the posterolateral
surface.

Cortical bone in the distal region of the exostosis possessed

numerous cartilage rests and frequently appeared to be in the process
of remodelling.
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36,

Plate XV).

The outer

fibrous periosteum was absent from most of the exostoses in this region.
As a result, fibroblast-like cells could be frequently followed upwards
from the inner periosteum of the exostosis and were observed to blend
with the intermuscular connective tissue and connective tissue of the
adductor longus tendon.

Below the area where the fibrous periosteum

was normally present an area considered to be the zone of proliferation
existed.

Mitotic cells were not frequent in this zone.

Cells of the

proliferative zone merged with the inner layer of the normal periosteum
on both the anterior and posterior surfaces of the femur.

Most of the

increase in size of the exostosis in this portion could be accounted
for by the presence of the thick zone of intercellular material.

Cells

of this zone became more differentiated in its deeper portions where
areas of cartilaginous tissue were prominent.

The intercellular zone

contained abundant amounts of cartilaginous tissue both distally and
proximally from the central portion, and collagen and reticular fibers
were readily apparent.

Scattered cartilage cells were occasionally

intermingled with other cells of the intercellular zone.

As one

progressed from the outside of the intercellular zone into its deeper
regions, transitions existed in which the cells of the intercellular
zone surrounded by eosinophilic intercellular material gradually began
to assume a basophilic capsule and finally merged into cartilaginous
tissue.

Other cells of the intercellular zone were seen to gradually

differentiate into preosteoblasts and finally merged into immature
bone which became surrounded by osteoblasts and separated by areas of
premarrow tissue.

At sites where large masses of cartilaginous tissue

-57bordered on intramembranous bone, resorption of the cartilage had begun
and was advancing into the cartilaginous mass (Figure 77, Plate XXXI).
Hie invasion front consisted of an advancing line of chondroclasts,
followed by capillary loops, osteoblasts and hematopoietic cells.

The

uneroded cartilage partitions between the invasion fronts became
covered with a palisade of osteoblasts which deposited mature bone on
the calcified cartilage.

The resulting trabeculae of endochondral

bone usually retained their cartilaginous cores and the cartilage matrix
preserved its intense alcian blue staining (Figure 78, Plate XXXI).
Endochondral bone formation at sites of cartilaginous tissue in the
exostosis thus appeared to follow fairly closely the events in the
normal epiphysis.

However, a difference does exist in that whereas the

bulk of normal epiphyseal cartilage is of the small-celled variety and
only shows hypertrophy in a band just ahead of the invasive front, most
of the cartilage of the exostosis was hypertrophic from the beginning
and only little further hypertrophy appeared to take place (Figure
Plate XXXI).

77,

Periodic acid-Schiff globules first described by Selye

(7*0 as specific for lathyrlc bone lesions were found in association
with the newly forming bone spicules (Figure

79» Plate XXXII).

Although both intramembranous and endochondral bone formation was
occurring, the osteogenic zone was not as markedly developed in the
central portion as in the distal, bone spicules being present only on
the anterior and posterior surfaces of the exostosis.

Transitions

frequently existed between the eosinophilic intramembranous bone
spicules and the usually basophilic cartilage of the intercellular zone
for between them there was differentiated a zone having properties
intermediate between those of bone and cartilage (Figure 80, Plate XXXII).

-58At these transition sites the bony trabeculae became less eosinophilic,
and the cells became intermediate in type between those of cartilage and
bone.

Gradually the cells acquired a basophilic capsule and finally

merged into cartilage cells.

The immature bone spicules were covered

with osteoblasts just beginning to form mature bone, and frequent
osteoclasts were located on the spicules adjacent to the femoral cortex.
Occasional osteoclasts were located deep to the inner periosteum
surrounding the remainder of the femoral shaft.

The peripheral

portions of the bone spicules present on the anterior and posterior
surfaces of the femoral cortex were in the process of beginning to form
a new cortex, although at this stage it was still very indefinite.

The

old femoral cortex on which the new spicules had developed was under
going resorption.
Bone spicules which had been dislodged from the femoral cortex
during the surgical procedure were occasionally observed within the
intercellular zone (Figure 81, Plate XXXHI).
were found associated with these spicules.

Osteoclast-like cells

However, the occurrence of

the spicules in the intercellular zone was infrequent, and therefore,
the spicules were not usually observed at later intervals.

In the

1-week surgical exostosis several areas of dislodged bone spicules were
present, cartilaginous tissue and intramerabranous bone formation being
found in association with the dislodged spicules.
The proximal portion of the exostosis was somewhat similar to the
distal portion (Text Figure b and Figure 37» Plate XV).

The fibrous

periosteum was usually intact, but in some specimens was partly
disrupted possibly due to an extended cutting of the adductor longuspectineus insertion.

Beneath the fibrous periosteum was a zone of
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cells which appeared somewhat similar to that in the distal portion
returning to normal.

Areas of preosseous tissue were seen at the

junction of this zone with the osteogenic zone.

Cartilage was seen

occasionally in this portion of the exostosis, and when present the
fibrous periosteum was discontinuous.

The osteogenic zone formed

most of the exostosis in this portion.

The zone was composed of

numerous immature bone spicules covered with osteoblasts beginning to
deposit mature bone.

Osteoclasts were randomly distributed among the

bone spicules with areas of osteoclasis being replaced by hematopoietic
tissue.

As in the central portion, the peripheral spicules were

beginning to form a new femoral cortex while resorption of the old
femoral cortex was in progress.
It was observed in the BAPN-regression group that the exostosis
increased in size after removal of the lathyrogen from the diet.
However, gross observations of the surgically stimulated periosteum
after the first two days of regression showed that no apparent increase
in size occurred during this period.

This was confirmed by the

histological sections.
Distally, the 2-day surgical-regression exostosis was found to
possess a fibrous periosteum as described previously at 1 week.
Figure

38, Plate

XVI shows the distal portion of the exostosis.

Beneath

the fibrous periosteum was a zone of cells and intercellular material
considered to be fairly similar to control periosteum of the same
region.

The zone of cells gradually merged with the inner periosteum

along the femoral circumference.

Preosteoblasts were still present at

the junction of this zone with the osteogenic zone.

The zone of

osteogenesis extended outward from the old femoral cortex and was
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composed of numerous immature bone spicules covered by osteoblasts
beginning to deposit mature bone, and separated by premarrow tissue.
The peripheral portions of the spicules were preparing to form the
new femoral cortex, while the old cortical bone was undergoing
resorption.

Osteoclasts were not frequent in the osteogenic zone or

at sites of resorption of the old femoral cortex.
In the central portion of the 2-day regressing exostosis the
fibrous periosteum was absent at the apex, but present on the anterior
and posterior surfaces.
area.

Figure 39» Plate XVI is a cross-section of this

The remains of the proliferative zone were present below the

region lacking a fibrous periosteum.

Mitotic cells were very infrequent

in this zone which gradually merged with the inner periosteum on the
anterior and posterior surfaces of the femur.

Underlying the prolifera

tive zone was the intercellular zone containing large amounts of
intercellular material, cells in the process of differentiation, and
areas of cartilaginous tissue.

Bone spicules were prominent on both

the anterior and posterior surfaces of the exostosis beneath the normal
fibrous and inner periosteum present at these sites.

The immature

spicules projected from the old cortex and were overspread with
osteoblasts which had deposited mature bone.

Generally, large active

osteoblasts prevailed on the peripheral portions of the spicules, while
osteoclasts were frequently distributed among the bone spicules closest
to the old cortex.

The peripheral portions of the spicules were being

incorporated into the new cortex.

Immature bone spicules were also

forming on the old femoral cortex in the depth of the central portion
and were extending upwards to the intercellular zone.

As previously

noted, sites of endochondral bone formation contained numerous large
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chondroclasts.

The PAS positive globules previously described in the

surgical exostosis continued to be formed, but they were difficult to
identify within the spicules as the spicules increased in age.
Resorption of the old cortex was evident.
The proximal portion of the 2-day surgical-regression exostosis
resembled to some extent the distal portion, however, bone spicules were
more prominent in this region (Figure *K), Plate XVI).

The photomicro

graph shows the presence of cartilaginous tissue in this portion, a
fact not encountered frequently.

The bone spicules were similar to

those described in the other regions and the formation of a new femoral
cortex was occurring on both the anterior and posterior surfaces of the
exostosis.

Premarrow tissue separated the bone spicules which were

covered with osteoblasts, and osteoclasts were found randomly
distributed throughout the osteogenic zone.

When masses of cartilage

cells were absent, the thin zone previously described as located above
the osteogenic zone was present.

At its junction with the osteogenic

zone, differentiation into preosseous tissue was still occurring.

The

fibrous periosteum was usually continuous in this portion except when
cartilage was present.

Resorption of the old cortex appeared as in the

central portion.
It was observed in the BAPN-regression study that processes in
progress several days after beginning the regression study continued
in later intervals investigated.

The same can be said for the regression

of the surgically produced exostosis.

In the 5-day surgical-regression

exostosis the distal region possessed a fibrous periosteum as previously
described.

The inner periosteum beneath the fibrous layer surrounded

the bone spicules of the osteogenic zone.

The inner periosteum in this

-
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portion of the exostosis was considered to have resumed a histological
appearance similar to the periosteum of this portion in control rats.
Beneath the inner periosteum and overlaid by osteoblasts were the bone
spicules.

The outer portions of the spicules in the osteogenic zone

were becoming fused together by the deposition of mature bone, while
the portions of the spicules adjacent to the old cortex and the cortex
itself were found to be undergoing resorption.

The space left by the

removal of the bone spicules was refilled with hematopoietic tissue.
Osteoclasis appeared furthest advanced in the posterior part of the
femoral cortex below the adductor longus insertion.

As at other time

intervals, occasional osteoclasts could be noted deep to the inner
periosteum surrounding the femur.

Figure 41, Plate XVII is a

photomicrograph showing a cross-sectional cut of the distal portion of
the exostosis.
In the central portion of the 5-day surgical-regression exostosis
the presence of a complete fibrous periosteum could not be ascertained.
Figure 42, Plate X V H is a cross-section from the central portion of a
5-day surgical-regression exostosis.

The soft tissue of the central

portion of the exostosis had diminished at this time, and the inner
periosteum consisted of a thin zone below the usual site of the fibrous
periosteum.
zone.

This was considered to be the remains of the proliferative

Mitotic cells were not noted in this remaining zone.

The zone

of cells gradually merged on the anterior and posterior surfaces of the
exostosis with the normal inner periosteum in this portion, while below,
it gradually merged with the zone of intercellular material.

Immediately

beneath the intercellular zone was the bony portion of the exostosis.
Mature bone had been deposited by osteoblasts on the immature bone
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Osteoclasts were of common occurrence

in the osteogenic zone, and the removed bone was replaced by hematopoietic
tissue.

As in the regression of the lathyric exostosis, resorption of

the old femoral cortex below the exostosis appeared as a continuous
process with only remnants remaining at the termination of the study.
Occasional osteoclasts were encountered deep to the inner periosteum
surrounding the remainder of the femoral shaft.
Figure 43, Plate XVII is a photomicrograph of the proximal portion
of the 5-day surgical-regression exostosis.

Both the outer and inner

periosteum had usually attained the appearance of periosteum normal
for this portion.

In the osteogenic zone the cortex was not completed,

but a definite outline of the new cortex was present.

Osteoclasis of

the bone spicules adjacent to the old cortex was occurring, and the
removed spicules were being replaced by new bone marrow.

Likewise,

resorption of the old cortex was in progress.
The distal portion of the 1-week surgical-regression exostosis
was predominantly bony in structure (Figure 44, Plate XVIH).

The

osteogenic zone was giving rise to a distinct new cortex in this
portion, and resorption of the proximal spicules and the old femoral
cortex was evident.

Deposition of mature bone was responsible for the

more solid appearance of the new cortex.

As previously mentioned, the

periosteum appeared normal for this portion of the femur.
The osteogenic zone was predominant in the central portion of
the 1-week surgical-regression exostosis (Figure 4-5, Plate XVIH).
Immature bone spicules projected from the old femoral cortex and were
covered with osteoblasts which had deposited mature bone.

Large

active osteoblasts were usually less frequent on spicules adjacent to

-64th© original cortex than on their peripheral portions, while osteoclasts
were distributed randomly among the spicules.

Marrow cavity formation

was occurring together with resorption of the old cortex.

The new

femoral cortex was advancing on the anterior and posterior sides
towards the vertex of the exostosis, but it was yet poorly delineated
in this area.

The remains of the intercellular and proliferative zones

were above the osteogenic zone.

Several days earlier the proliferative

zone was considered to have regressed to the state of non-existence, and
at the present time only a thin zone of intercellular material was
identifiable.

Actually, the remains of the two zones could be regarded

as a thickened inner periosteum which at its junction with the
osteogenic zone was giving rise to preosseous tissue.

Occasional sites

of cartilage were present at the junction of the intercellular and
osteogenic zones, but were not found at later intervals.

However, the

identification of these zones was not important at this stage in
studying the regressing exostosis.

The fibrous periosteum was

considered to be lacking at the apex of the exostosis, but was present
together with the inner periosteum along the circumference of the femur.
Resorption of the old cortex varied considerably in different femurs.
Formation of the new femoral cortex was progressing, but it had
not been completed in the proximal portion of the 1-week surgicalregression exostosis (Figure 46, Plate XVIII).

Resorption of the

spicules adjacent to the original cortex and the old cortex was
occurring.

As previously noted, the fibrous and inner periosteum in

the proximal portion were considered to be similar to control
periosteum of the same region.
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distal portion of the surgically produced exostosis during the second
week of regression involved the bony portion (Figure 47, Plate XXX).
Bone spicules existing between the old and new cortex in the distal
portion were gradually resorbed.

At the end of the second week

remnants of the spicules remained in the new marrow cavity and the number
of osteoclasts associated with the spicules had markedly decreased,
likewise, resorption of the old cortex was present, apparent on both
the periosteal and endosteal sides, but possibly predominating on the
periosteal side.

The new femoral cortex continued to become a more

compact structure, but it was not completed in this respect.
Hie bone spicules adjacent to the old cortex were gradually
resorbed in the central portion of the 2-week surgical-regression
exostosis, and osteoclasts associated with the spicules became less
frequent as the spicules diminished in size.

The fragments of the

spicules remaining were surrounded by a row of low-cuboidal osteoblasts
and new bone marrow which replaced the expanse left by the resorbed
spicules.

Resorption of the old cortex had continued.

As had been

occurring in both the distal and proximal portions, deposition of mature
bone on the peripheral portions of the spicules at the apex of the
exostosis continued the formation of a more compact new femoral cortex.
Indications that the new cortex might possibly contain cartilage rests
appeared during the week (Figure 82, Plate XXXIII).

Outside the newly

forming cortex the inner periosteum began to resemble that in the
central portion of control rats.

A fibrous periosteum in which elastic

fibers were not identified capped the inner periosteum.
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Proximally, the 2-week surgical-regression exostosis showed
changes similar to those in the distal region (Figure 49, Plate XIX).
Bone spicules which existed between the old and new cortex were
gradually resorbed and the resulting cavity filled with new marrow.

At

the end of the second week the spicules were still in the process of
being resoxbed, while osteoclasts had markedly decreased in number.
Formation of a solid cortex continued to progress.
The spicules and the old femoral cortex remaining in the distal
portion of the surgical regression exostosis at the end of 2 weeks
regression continued to be resorbed during the following three weeks
(Figure 50» Plate XX).
this period.

Osteoclasts were found very infrequently during

New marrow tissue filled the resorbed areas and surrounded

the remaining fragments of the spicules.

During this period the cortex

continued to become a compact structure, a process completed after 5
weeks regression.

Deposition of incomplete circumferential lamellae

began to occur during the fourth and fifth weeks of regression.

The

new cortex in this region differed from the cortex in the same region of
control rats in that small Haversain systems were more frequent, and
cartilage rests were lacking.

Both the outer and inner layers of the

periosteum retained their fairly normal appearance during this period
and through the remainder of the study.

Osteoclasts which were present

with frequency at earlier intervals below the inner periosteum along
the circumference of the femoral cortex were usually less frequent with
increasing age.
Cartilage cells commonly seen in the intercellular zone of the
central portion were last seen during the third week of regression.
Figure 51> Plate XX shows a cross-section of the central portion of the
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The inner periosteum

during the third, fourth and fifth weeks assumed the general appearance
of that in the same region of control rats.

The fibrous periosteum

was considered to be present as previously observed at 2 weeks
regression, but elastic fibers were not identified.

However, elastic

fibers were considered to be present within the fibrous periosteum after
4 weeks regression.

Collagen fibers of the fibrous periosteum were very

diffuse and intermingled, likely due to the wound produced during the
surgical procedure.

This appearance continued to persist during and

throughout the remaining portions of the experiment.

The new cortex

continued to become a more compact structure after the second week of
regression, and incomplete circumferential lamellae began to be
deposited on both the endosteal and periosteal surfaces of the new
cortex during the third and fourth weeks of regression.

Cartilage rests

present in the new cortex during the second week of regression were
noted at later intervals when the new cortex was complete.

The new

cortex in the central portion was considered to be a compact structure
at approximately 6 weeks regression.

From the second to the fifth week

of regression the bone spicules between the old and new cortices
continued to diminish in number, but were still prominent after the
fifth week of regression.

The fragments of the spicules were separated

by hematopoietic tissue and covered by low-cuboidal osteoblasts.
Osteoclasts were not frequent on the bone spicules.

Resorption of the

old cortex was seen to have continued.
like the central portion, the proximal region possessed spicules
within the newly formed marrow cavity.

The new cortex became a solid

structure about the fifth week of regression, and the overlying

-6 8 -

periosteum appeared similar to that of control rats (Figure 52, Plate
XX).
Throughout the remaining 5 weeks of study the points of interest
were:

(1) the return of the femur to a normal shape, (2) deposition of

circumferential lamellae on the new femoral cortex, and (3) the
regression of the remaining bone spicules and the old femoral cortex.
As mentioned previously, the new cortex was considered to have become
a compact structure at approximately 6 weeks regression.

Comparison of

the gross outlines in the central portion of the adductor longuspectineus insertion in the 10-week surgical-regression and control rat
showed that there was much similarity, however, the site where the
exostosis had been, projected further outward.

Previously, incomplete

circumferential lamellae were noted to be deposited on the newly formed
cortex.

This deposition became more prominent in the later stages of

regression.

Likewise, cartilage rests previously noted in the newly

forming cortex and the completed cortex were seen in areas of the new
cortex at the termination of the study (Figure

83,

Plate XXXTV).

Small

Haversian systems formed during the completion of the compact cortex
persisted in the new cortex (Figure 84, Plate XXXTV).

Bone spicules

in the central portion of the exostosis gradually were resorbed, while
resorption of the old cortex was not yet completed after 10 weeks
regression.

Figures 53* 54, and 55* Plate XXI show cross-sections of

the distal, central and proximal portions of the exostosis 11 weeks
after the surgical avulsion.

The old femoral cortex which remained in

the medullary portion of the femoral shaft usually attached to the
anterior portion of the femur, below the pectineus insertion.

The

remaining cortex possessed few cartilage rests and consisted of thin
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85,

Plate XXXV).

The appearance of the old cortex was thought to be due to the same
process as suggested in respect to the BAPN-regression group.
Use of the alcian blue-PAS techniques in studying the regressing
lathyric exostosis showed that there was an increased number of mast
cells in the newly formed bone marrow which replaced areas of osteo
clasis.

Likewise, the newly formed bone marrow in the exostosis of

the surgically stimulated exostosis possessed an increased number of
alcian blue positive staining cells which were presumed to be mast
cells.

These cells were not found to have increased in number in the

old bone marrow of the femur.

Long-Term Lathyric Periosteum

The purpose of administrating BAPN for longer periods than 1 week
was to demonstrate that the proliferative response of the periosteum
was not a response limited to 1 week, and that the repair process in
BAPN- and surgical-regression exostoses might have similarities to the
processes occurring in long-term lathyric rats.

It was well established

by the gross observations that the periosteal response was not limited
to the response seen at one week.

Histological study of the adductor

longus-pectineus insertion reconfirmed the gross observations and
indicated that processes occurring in long-term lathyric rats had
similarities to processes occurring in regression of the one-week
lathyric and surgical exostoses.
Repetition of the histology of the 1-week lathyric exostosis will
not be repeated, and for a review of the histology one should refer to
the section concerned with the description of the BAPN-regression
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insertion was divided into the distal, central and proximal portions
previously employed.

Later stages in this group became somewhat

difficult to divide into these portions on account of the gigantic
size reached by some of the exostoses.

After several weeks on the BAPN

diet the changes occurring were not as pronounced, and therefore, the
final weeks were grouped together and described.
The osteogenic zone in the distal portion of the exostosis in rats
receiving BAPN for 2 weeks had replaced the proliferative and inter
cellular zones which were present at the end of the first week (Figure
56, Plate XXII).

Peripheral bone spicules usually were covered by

large cuboidal osteoblasts which stained fairly basophilic, while
osteoblasts surrounding the deeper portions of the spicules usually
were composed mainly of immature bone since little deposition of mature
bone had occurred.

Osteoclasts were distributed among the deeper

portions of the bone spicules and were also found occasionally on the
endosteal surface of the fmoral cortex beneath the exostosis.

Likewise,

osteoclasts were frequent on the lateral surface of the femur below the
inner periosteum.

The inner periosteum covering the osteogenic zone

appeared to have neither an intercellular nor a proliferative zone.
This zone appeared fairly similar to normal periosteum for this portion
of the exostosis and was continuous with the inner periosteum surrounding
the remainder of the femur.

An outer fibrous periosteum covered the

inner layer.
The central portion of the exostosis after administration of BAPN
for 2 weeks no longer consisted primarily of soft tissue, but had a
large number of immature or woven bone spicules (Figure 57, Plate XXII).
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by large basophilic osteoblasts which had begun to form mature bone,
while deeper spicules were covered by low cuboidal osteoblasts and very
frequent osteoclasts.

Osteoclasis of the proximal spicules was

occurring and the resulting expanse was replaced by hematopoietic
tissue.

Large venous sinuses were prominent in the new marrow cavity.

Erosion of the femoral cortex below the exostosis was noted to be most
advanced on the adductor longus insertion side.

Above the osteogenic

zone were the zones of intercellular material and proliferation.

The

zone of intercellular material consisted of differentiating cells,
intercellular material and small areas of cartilaginous tissue, while
the zone of proliferation consisted of mesenchymal-like cells in which
mitotic figures were present.

On the anterior and posterior surfaces

of the femur the proliferative zone merged with the normal appearing
inner periosteum surrounding the femoral shaft.

The fibrous periosteum

formed an outer covering for the exostosis and the inner periosteum
along the circumference of the femur.
The proximal portion was markedly decreased in height as compared
to the central portion (Figure 58, Plate XXH).

This fact was

previously noted at one week where the osteogenic zone formed a
considerable part of this portion.

The proliferative and intercellular

zones were narrowed after 2 weeks of BAPN administration and could not
be called as such.

The remains of these zones resembled to some extent

the inner layer of the normal periosteum.

At the junction of this zone

with the osteogenic zone areas were differentiating into preosseous
tissue.

The outer fibrous periosteum could be followed across the

region and continued around the remainder of the femur.

Below the
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zone composed of immature bone spicules on which small amounts of
mature bone had been deposited by osteoblasts overlying the spicules.
As previously noted in this study, large cuboidal osteoblasts covered
the peripheral portions of the spicules.
cortex would form were present.

Indications that a new femoral

Osteoclasts were distributed among the

bone spicules, and areas of osteoclasis near the femoral cortex were
becoming apparent.
Continued administration of BAPN for another week accentuated the
processes already in progress during the first two weeks.

In the

distal portion of the exostosis the bone spicules formed during the
first two weeks tended to consolidate at their periphery and produced
a new or secondary cortex during the third week (Figure 62, Plate XXIV).
The proximal portions of the spicules were resorbed and the expanse
replaced by hematopoietic tissue.

likewise, resorption of the old or

primary femoral cortex was in progress.

The inner periosteum above the

new cortex did not possess pronounced intercellular and proliferative
zones, but at the junction of the inner periosteum and osteogenic zones
in this region preosseous and premarrow tissue appeared to be continuing
to form.

Observation of the distal portion 1 week later showed that

this was true, for immature bone spicules were prominent structures on
the new cortex (Figure 59» Plate XXIII).
The size of the central portion of the exostosis markedlyincreased with continued administration of BAPN during the third and
fourth weeks (Figure 60, Plate XXIII).

An outer fibrous periosteum

was usually present surrounding the enormous exostosis, however,
occasionally it appeared disrupted.

Below the fibrous periosteum a

-73zone of proliferation existed,

this capped a zone of intercellular

material which extended to the osteogenic zone.

Areas of cartilaginous

tissue were frequently present at the Junction of the intercellular
and osteogenic zones.

Hie bone spicules which constituted the

osteogenic zone appeared to have possibly tried to form on a secondary
cortex which had attempted to develop but did not succeed.

The spicules

were usually composed of immature bone on which mature bone had been
deposited at various sites.
bone spicules.

Osteoclasts were distributed among the

Below the area which was considered to be the site at

which an attempt to form the new cortex occurred a new marrow cavity
was present, the sides of which were formed by the new cortex.

The new

cortex was thinner than a normal cortex and appeared to have formed by
the deposition of mature bone on the immature spicules.

The old or

primary femoral cortex on which the spicules originally developed was
observed to be undergoing resorption.
Generally, the same processes which occurred in the distal portion
during the third and fourth week of 3APN administration were present in
the proximal portion (Figure 6l, Plate XXIII).

Hie proximal portions

of the spicules which formed on the old cortex were resorbed and
replaced by new bone marrow, while on the peripheral portions of the
spicules mature bone was deposited and a new cortex formed.

As in the

central portion, the old femoral cortex was in the process of resorption.
Formation of bone spicules on the new or secondary cortex was observed
to have occurred.

Above these spicules a mass of soft tissue was

present, however, it was not divided into a zone of intercellular
material and proliferation.

Hie soft tissue was usually covered by the

fibrous periosteum, but following the exostosis distally it was
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possible to observe a disruption of the fibrous layer.

Thus,

proliferative cells of the inner periosteum appeared to have pushed
out into the interstitial connective tissue.

This was best observed

in later stages.
The processes which had occurred during the previous 4 weeks
repeated themselves in the later stages of continued BAPN administra
tion.

In the distal and proximal regions new spicules formed on the new

or secondary cortices that had developed.

The spicules were composed

of immature bone on which mature bone was deposited.

The peripheral

portions of these spicules fused together and formed a tertiary cortex,
while the spicules adjacent to the secondary cortex were resorbed and a
new marrow cavity formed between the secondary and tertiary cortices
(Figure

63,

Plate XXTV).

The new femoral cortex which developed on the

anterior and posterior surfaces was thinner than the normal femoral
cortex, while the new cortex which formed at the apex and on which the
new spicules formed gradually was resorbed.

This process occurred on

the primary cortex, secondary cortex and occasionally on the tertiary
cortex when a fourth cortex developed.
Generally, it was found best to follow the central portion of the
exostosis when observing the changes occurring after long-term BAPN
administration.

A cross-section of a 5-week BAPN exostosis is shown

in Figure 64, Plate XXIV.

The exostosis continued to increase in size,

and changes within the bony structure were observed.

The fibrous

periosteum which was usually present as an uninterrupted structure
during the previous weeks was noted to have been disrupted when BAPN
administration was continued.

As a result, cells and fibers of the

adductor longus tendon seemed to merge and intermingle with the cells
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A mass of tissue was present below

the usual site of the fibrous periosteum.

It consisted of a zone of

less differentiated cells in which mitotic figures were not frequent,
and a zone of intercellular material where areas were observed to be
differentiating into preosseous and premarrow tissue.

Cartilage cells

were frequently present at the junction of the intercellular and
osteogenic zones.

The osteogenic zone consisted of bone spicules which

appeared to have developed on the new cortices which attempted to form.
Bone spicules consisted of immature bone on which mature bone was
deposited by osteoblasts.

Osteoclasts were located on the spicules, and

were most numerous at sites of immature bone and areas of cartilaginous
tissue.

Areas of osteoclasis were replaced by marrow tissue.

Resorption of the original femoral cortex and the bone spicules which
had formed appeared to be a continuous process.
The newly formed marrow which replaced areas of osteoclasis was
noted to possess frequent fat cells.

The fat cells in the new marrow

usually became apparent during the fourth and fifth weeks of BAPN
administration.

Likewise, fat cells were frequent in the original

marrow of the femur at approximately the fifth or sixth week after
beginning the diet of BAPN.

Fat cells in the marrow were prominent

throughout the remainder of the experiment (Figure

65*

Plate XXV).

The presence of numerous alcian blue positive cells within the new
marrow was observed to occur at about the third week on the BAPN diet.
The new marrow possessed very few of these cells after the second week
when the new marrow cavity was relatively small.

Alcian blue positive

cells were not present in the old bone marrow after 2 weeks of BAPN
administration and did not increase in number in the old marrow during

-76the remaining portion of the study, even when fat cells were observed
to be present.
The bone spicules of the exostosis after long-term BAPN
administration continued to advance into the soft tissue mass (Figure
Plate XXV).
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The immature bone spicules became covered with osteoblasts

which deposited mature bone on the spicules.

Osteoclasts were present

on the spicules near the area where they were forming, but as they
passed deeper into the medullary cavity the osteoclasts disappeared and
the spicules appeared to gradually be resorbed since their presence in
the deeper regions became less frequent.

The new femoral cortex which

had developed on the sides of the exostosis was a thinner structure than
the normal femoral cortex.
the new cortex.

Cartilage rests were not observed within

This is likely, since cartilage never was a predominant

tissue in the intercellular zone of the exostosis in BAPN-treated rats
and was less frequent in the exostosis during the later periods of BAPN
administration.
The exostoses of all rats appeared fairly similar in structure
during the first several weeks of BAPN administration.

Later, the

exostoses assumed different shapes and sizes, varying from one femur
to another.

The variation in size and shape was also manifest in the

histological appearance, one femur having large amounts of bone
present, the opposite femur having smaller amounts.

Although differences

did exist, the general extension process followed a similar pattern for
all exostoses.

A cross-section of a 10-week BAPN adductor longus-

peetineus exostosis is shown in Figure

66,

Plate XXV.
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Regression in Lathyric and Surgical Stimulated
Rats and Its Similarities and Differences
to Long-Term Lathyric Lesions

Comparison of the gross changes occurring during regression of
the adductor longus-pectineus exostosis showed that the similarities out
weighed the differences.

It was observed that the white mass at the

insertion site projected more anteriorly in rats of Group III where the
adductor longus-pectineus insertion was partially avulsed.

This

appeared to have no overall effect on the gross regression of the
exostosis.

Five weeks after beginning the regression study the common

insertion site in rats of both Groups II and III was judged to be
essentially without the gross markings which were present 1 week after
the initial stimulation.

In neither the 1-week lathyric or surgical

rats nor at any other time were gross changes at the adductor longuspectineus insertion ever found to be similar to gross changes after
long-term BAPN administration.
like the gross changes occurring during the regression of the
adductor longus-pectineus exostosis, the histological changes also
showed that the similarities were more conspicuous than the differences.
Although histological differences were present between the two groups
the general repair and regression of the lesions appeared similar.
The proximal and distal portions of the exostoses resembled each
other to some extent at the beginning of the regression study.

This

was found to be true for both the lathyric and the surgical exostoses,
however, differences between the groups did exist.

The distal and

proximal portions of the 1-week lathyric exostosis usually had the
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while in the surgical exostosis an inner periosteum considered to be
fairly similar to a structure normal for this portion of the common
insertion existed.

Mitotic figures were seen in the proliferative zone

of the distal and proximal regions in the lathyrie exostosis.

Bone

spicules were more prominent in the surgical exostosis than in the
lathyrie, together with the presence of osteoclasts which were never
found in the 1-week lathyrie exostosis of this age rats.

The differences

were not as marked two days after beginning the regression study and
similarities began to prevail.

The proliferative and intercellular

zones in the 2-day BAPN-regression exostosis had disappeared as such,
and the area occupied by these zones was replaced with bone spicules.
Osteoclasts present in the surgical exostosis at the beginning of the
regression stucty-, but not present in the lathyrie, now were occasionally
noted on the bone spicules of the lathyrie exostosis.

After 2-days

regression the bone spicules in both groups were no longer composed only
of immature bone, for deposition of mature bone was beginning to occur
on the immature spicules adjacent to the femoral cortex.

Deposition of

mature bone was evident on the peripheral portions of the immature
bone spicules five days after beginning the regression study.

The

portions of the bone spicules adjacent to the old cortex in the 5-day
surgical-regression exostosis were resorbed to the extent that a new
marrow cavity became evident.

Several days later a new marrow cavity

began to appear in the BAPN-regression exostosis.

Deposition of mature

bone continued on the peripheral portions of the spicules until a
compact cortex was formed, a process considered to have been completed
in both exostoses after 5 or 6 weeks regression.

Resorption of the
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proximal portions for about 5 weeks, at which time the spicules were
usually completely removed.

Resorption of the original cortex occurred

during the entire duration of the experiment.

After 1 week regression

the distal and proximal portions of both exostoses followed a similar
pattern in their return to a fairly normal appearing insertion site.
The central portions of the lathyric and surgical exostoses at the
beginning of the regression study were composed of the zones of
proliferation, intercellular material and osteogenesis.

Differences in

the exostoses of the 2 groups at this time were limited to within the
individual zones and the fibrous periosteum.
The fibrous periosteum persisted as a continuous structure in the
BAPN-regression exostoses.

At the beginning of the regression study

the fibrous periosteum was always disrupted due to the surgical cutting
of the insertion 1 week prior.

After 2 weeks regression a fibrous

periosteum had reformed, but elastic fibers were not seen.

At 4 weeks

regression elastic fibers were considered to be present between the
collagen fibers of the fibrous periosteum.
Histological features of the proliferative zone in the central
portion were generally the same for both groups at the beginning of the
regression study except that mitotic figures were more frequent in the
lathyric exostosis.

Mitotic cells continued to appear within the

proliferative zone of the lathyric exostosis during the first few days
of regression, and the exostosis continued to increase in size,
becoming equally as large as the surgical exostosis.

The proliferative

zone was considered to have disappeared at about 5 days regression in
the surgical group, and several days later in the lathyric group.
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Ihe zone merged on the anterior and posterior surfaces of the exostosis
with the inner periosteum, and when the zone had disappeared it was
replaced by an inner periosteum normal for that portion of the insertion
site.
The intercellular zone in both groups was differentiating into
preosseous and premarrow tissue.

However, a veiy prominent feature of

the intercellular zone in the surgical exostosis was the presence of
numerous cartilage cells.

Chondroclasts were associated with the

cartilage cells near the newly forming spicules, and osteoclasts were
found in relation to the formed spicules.

Cartilaginous tissue appeared

within the intercellular zone of the lathyric exostosis 2 days after
removing BAPN from the drinking water.

Chondroclasts and osteoclasts

were present when cartilage cells had differentiated.

The amount of

cartilage present at this time or at any other period in the BAPNregression exostosis did not compare in quantity to the amount present
in the surgical exostosis either at 1 week following avulsion or at any
time until cartilage cells were no longer present, usually after 1 week
regression.

Pyknotic cells were frequently observed in the inter

cellular zone of the 2-day BAPN-regression exostosis.

Although

occasional pyknotic cells were seen in the intercellular zone of the
surgical-regression exostosis, the number of pyknotic cells present
did not compare to their frequent occurrence in the BAPN-regression
series.

The pyknotic cells were observed until the intercellular zone

no longer existed, approximately one and one-half weeks regression.
Differences in the collagen and reticular fibers of the lathyric and
surgical exostosis were not observed.

Bone spicules were becoming

evident in the zone of osteogenesis at the beginning of the regression
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study.

At this time the spicules were considerably further advanced

in the surgical exostosis than in the lathyric, and as previously
mentioned, osteoclasts were present in the surgical exostosis.

The

immature bone spicules in both the lathyric and surgical exostosis
increased in length and were noted to replace the intercellular zone.

The peripheral portions of the spicules began to coalesce and form a
new cortex by the deposition of mature bone, a process completed after
approximately 6 or 7 weeks of regression. A slight difference in the
cortices was apparent in that the cortex of the surgical exostosis
possessed occasional cartilage rests, a phenomenon not seen in the new
cortex of the BAPN-regression exostosis. Small Haversian systems and
incomplete circumferential lamellae were found in both cortices. While
active bone formation was prominent on the peripheral portions of the
spicules, bone resorption prevailed on the spicules adjacent to the old
cortex. Replacement of the spicules in this portion by hematopoietic
tissue began at about 5 days regression and continued through the
eighth or ninth week of regression when usually all the spicules were
resorbed.
To comprehend clearly the overall regression process of the
exostosis, it is necessary to think of the exostosis as a total
structure and not as a structure divided into 3 portions.

Consequently,

one must interpolate to some extent and look at the exostosis as a
structure in which there is a gradual transition from one area to the
next.

The replacement of the soft tissue of the exostosis may be

likened to the construction of a dome.

In building the dome the

immature bone spicules adjacent to the femoral cortex can be considered
the scaffolding which supports the construction.

The construction of
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the scaffold commences in the distal and proximal portions of the
building site, preparing to form the base of the dome.

Mature bone

begins to be deposited on the scaffold, especially near the edges, and
formation of a compact covering is initiated.

Meanwhile, the construc

tion advances towards the vertex of the dome.

When the portions of the

scaffold not incorporated into the new cortex have accomplished their
task of acting as a supporting framework on which the final structure
is formed, they begin to be dismantled.

The dismantling of the scaffold

starts at the base immediately within the newly formed covering and
proceeds towards the center, finally removing the scaffold present near
the summit of the dome.

While the scaffold is being removed the

original cortex below the newly formed space starts to be resorbed, and
union of the space with the original marrow cavity is accomplished.
It was shown in the previous section dealing with the long-term
lathyric exostosis that continuous BAPN administration caused the
exostosis present at 1 week to increase in size.

Ihe continually

growing exostosis passed through stages somewhat similar to those
occurring in the regression of the lathyric and surgical exostoses.
Generally, it appeared that the continued growth went in cycles, first
•the formation of immature bone spicules on the femoral cortex as in the
regression groups, followed by deposition of some mature bone which
resulted in an attempted coalescence of the peripheral portions of the
spicules to form a secondary cortex.

Meanwhile, resorption of the

primary cortex and the adjacent bone spicules was in progress.

The

secondary cortex became most distinct in the distal and proximal
portions, and on the anterior and posterior surfaces of the central
portion of the exostosis, where in the later stages it formed a compact

-83structure.

Therefore, the main histological difference between the

regression and long-term lathyric groups was that continued administra
tion of BAPN prevented a new cortex from completely forming in the
long-term lathyric exostosis.

This appeared to be due to the fact that

new spicules developed on the attempted cortex which then was resorbed
at later periods together with the adjacent spicules.

The new cortex

which was forming in the later stages of continued BAPN administration
was thinner than the new cortex formed in the regression groups.
Deposition of mature bone on the immature bone spicules also seemed to
be delayed.

Hematopoietic tissue which replaced the eroded spicules

in the long-term lathyric exostosis differed from the normal replacement
by red marrow in that the marrow formed was primarily of the fatty type.
Mast cells were prominent within the new bone marrow of all exostoses.

CHAPTER I V

DISCUSSION

Initial stimulation of the adductor longus-pectineus insertion to
produce the exostosis was required before the regression studies could
commence.

A depressed weight curve was apparent in rats administered

BAPN before the insertion response was observed.

This agreed with

numerous other investigators who have administered various lathyrogenic
agents.

The weight gain for the surgically stimulated animals was

equivalent to that of controls, thus indicating that the surgical
procedure had no profound effects on the general body metabolism.

This

did not appear to be the case in rats given BAPN, for in these animals
a depressed weight gain was apparent.

Although no gross manifestations

of bodily damage were evident, it was assumed that the depressed weight
gain in animals indicated some defect in metabolic function.

Immediately

after removal of BAPN from the diet a rebound phenomenon occurred in
which the rats achieved a gain in weight during the first week of
regression exceeding the weight gain during the week for both the control
and surgical-regression rats, and equalling the overall weight gain for
the latter two groups, two weeks after the initial stimulation.

However,

it was evident from both the weight gain curve and the gross appearance
of the long-term BAPN rats that the lathyrogen produced some metabolic
defect throughout the body.
It was pointed out in Chapter I that a number of investigators
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have considered the periosteal response in lathyrism to be a result of
muscle tearing (7-9,6?). Yeager and co-workers (68,71) have maintained
that periosteal tearing was not the initial stimulation, because signs
such as hemorrhage, necrosis, or inflammation were nearly always
lacking. More recent evidence has been accumulated to support the thesis
that the periosteal response in lathyrism was more than a response due
to tearing (88).

This was based on the results obtained when BAPN was

administered to rats in which the adductor longus-pectineus insertion
had been partially avulsed.

The resulting exostosis was usually more

than twice the size of either the lathyric or surgical response alone,
and from this it was concluded that if the periosteal response
resulting from administration of BAPN was due to tearing the combined
effects of BAPN and partial avulsion should be cumulative, but not
greater than that.
The collagen and mucopolysaccharide fractions of the connective
tissue ground substance have repeatedly been demonstrated to be altered
in lathyric animals (40-61, 63-66).

The tensile strength of wounds is

dependent on the fibroblastic secretion of a soluble protein procollagenous substance and the presence of a complex mucopolysaccharide
(97). Enzinger and Warner (30) showed that marked impairment in the
tensile strength of the healing skin wound occurred in lathyric rats.
Data obtained by Berberian et al. (98) showed that skin wounds of
BAPN-treated rats were much weaker than controls, but after the wounds
were fixed in 10 percent formaldehyde (10$ formalin) the tensile
strength compared to those of control animals.

Levene and Gross (22)

reported a marked increase in fragility in lathyric chick embryos 3
hours after the administration of BAPN to the embryo.

Levene (99)
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observed that the collagen content of the aorta increased gradually
with age and was associated with a rise in tensile strength of the
aorta as measured by the weight required to rupture it during a
specific time interval.

He concluded that collagen plays a direct role

in the maintenance of the tensile strength of the aorta.

However,

administration of BAPN to the developing chick embryo resulted in an
aorta which ruptured under less strain than the normal aorta.
Histologically, the aorta of both the normal and lathyrlc chick embryos
appeared similar, and only a slight decrease in the collagen content of
the lathyrie chick embryo was detected, an insufficient amount to explain
the increased fragility.

However, the amount of 1M saline soluble

collagen in the lathyrie chick embryo aorta was markedly increased.
Investigations by Fry et al. (100) of the tensile strength of rat aorta
and skin revealed that the tensile strength of these tissues was about
half that in normal animals, while tensile strength of lathyrie chick
embryo skin showed a decrease of about one-fifth that in normal chicks.
Although the muscle insertion is far removed from the aorta or skin,
collagen is one of its main constituents.

Recent evidence confirming

increased collagen solubility of fracture callus was reported by
Pedrini-Mille and Pedrini (101), who hold that the primary defect is in
the mucopolysaccharide, chondroitin sulfate.

They observed a

62

percent decrease of galactosamine in the fracture callus of AAN-treated
animals.

Although it is not known what role the mucopolysaccharides

actually play in the formation of collagen, it is apparent that both
entities are affected by the lathyrogen.

A thorough study by Yeager

and Harare (68) has shown that periosteal tearing was not evident
following administration of the lathrogenic agent.

Other studies by

-87the same group have demonstrated that muscle tension was a factor
necessary in the production of the exostosis (69,70).

From the

results obtained by these investigators on the production of the
exostosis, and because of the data presented by numerous other
investigators dealing with the effect of lathyrogens on collagen, it
is presumed that the periosteal response in rats administered BAPN was
the result of submicroscopic tearing due to the low tensile strength
of the collagen fibers at the site of muscle insertion.

The results

of the present investigation support this hypothesis.
The foregoing experiment has shown that the overall regression
of the adductor longus-pectineus exostosis resulting from the adminis
tration of BAPN or partial avulsion of the insertion site proceeded in
a similar manner in both exostoses.

The response resulting from the

partial avulsion of the insertion was known to be a repair phenomenon,
and since the regression of both exostoses were basically similar,
the response in lathyric animals appears to be a response of a repair
process.

Therefore, the hypothesis of periosteal tearing as the

stimulus to periosteal cell proliferation is substantiated.

Although

the intercellular material was presumed to be defective in the lathyric
exostosis after 1 week BAPN administration, the literature has indicated
that a rapid return to normal occurs when the lathyrogen was removed
from the diet.

When BAPN administration was continued for a longer

period than 1 week the exostosis formed or attempted to form a new or
secondary cortex as occurred in the regression groups.

It appeared

that the basic response at the common insertion of the adductor longus
and pectineus muscles in long-term BAPN rats was a response similar to
that which occurred in the repair process.

However, the long-term
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lathyric response was modified to the extent that before a full cycle
of repair could be completed, a new cycle began.

In other words,

spicule formation occurred on the secondary cortex before it became a
compact structure and continued until a tertiaiy cortex was completed
or attempted to be completed, the cycle then starting again.
Although the overall process of regression in the lathyric and
surgical exostoses was similar, the initial structures studied in this
investigation were slightly different microscopically.

Some of the

processes occurring in the exostoses are discussed in order to elucidate
further some of the aspects of bone remodelling.
The fibrous periosteum which was disrupted by the surgical
procedure was considered to be present as a fairly typical fibrous
layer 2 weeks after beginning the regression study.

The question of

whether elastic fibers were present between the collagen fibers was
difficult to ascertain.

It was generally felt that the elastic fibers

composed the new fibrous periosteum at 4 weeks regression.

The source

of the new fibrous layer could not be determined in this study.

As a

result of the surgical procedure the proliferative zone appeared to
blend with the intermuscular connective tissue.

Likewise, when BAPN

was administered for periods longer than 4 weeks, disruption of the
fibrous periosteum occurred.

Thus, the proliferative zone was no longer

separated from muscular tissue by a distinct layer,
cells in this region became somewhat obscure.

lhe origin of the

Yeager (88) has

suggested that the proliferative zone migrated and formed a layer
covering the fibrous periosteum.

Hie other possibility was that

fibroblasts of the intermuscular connective tissue had proliferated and
formed a considerable part of the cellular tissue.
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The size of the lathyric exostosis had increased 2 days after
beginning the regression study.

The presence of mitotic figures in

the proliferative zone of the ?-day BAPN rat would account for the
continued growth.

An increase in size was not observed to occur in the

surgical exostosis, likewise, mitotic figures were infrequent in the
proliferative zone of the 7-day surgical exostosis.

As a result of the

post-BAPN growth, the lathyric exostosis became equally as large as the
surgical exostosis.
Studies of the development of the lathyric exostosis have shown
that the structure was a product of the inner periosteum (68,85).
Cells composing the inner layer of the periosteum have been termed
osteogenic because they produce bone (102).

The formation of bone in

both the lathyric and surgical exostoses became a prominent feature in
the process of regression.

The proliferative zone was present in both

the lathyric and surgical exostoses and gradually merged with the inner
periosteum on the anterior and posterior surfaces of the femur.

Below,

cells of the proliferative zone appeared to differentiate in the zone
of intercellular material into areas of preosseous and premarrow
tissue.

As the exostosis underwent regression, cells of the prolifera

tive zone either gradually differentiated into those found in the
intercellular zone or began to assume the appearance of cells in control
periosteum.

Attempts by Ollerich (85) to visualize the migration or

displacement of cells from the proliferative zone to the intercellular
zone were unsuccessful.

Whether in the process of differentiating the

cells actually migrated or differentiated at the site where they were
located was not answered.

One would most probably expect the cells to:

(1) differentiate at their location and begin to secrete intercellular
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material and finally become preosteoblasts, or (2) differentiate at
their location with the formation of little intercellular material and
become premarrow cells.

However, with the decreased number of mitotic

cells in the proliferative zone the continued differentiation of the
cells depleted the number of cells constituting the zone and the zone
gradually began to assume the appearance of a control periosteum.

This

was most apparent on the anterior and posterior surfaces of the
exostosis.

The result of the depleted proliferative zone and the

continued differentiation of cells in the deeper portions of the
intercellular zone into premarrow and preosseous tissue led to a less
prominent zone of intercellular material.
The zone of intercellular material differed in the BAPN- and
surgical-regression exostoses in that pyknotie nuclei were commonly seen
in the intercellular zone of the BAPN-regression exostosis.

Although

pyknotie nuclei were present in the zone of intercellular material in
the surgical-regression exostosis, they were by no means as prominent.
Likewise, in rats given BAPN for long periods of time the pyknotie
nuclei were not frequently observed in the intercellular zone.
One of the common features of the intercellular zone in the
surgically stimulated exostosis at the beginning of the regression
study was the presence of cartilage cells.

Cartilage cells were never

observed in the intercellular zone of the exostosis in rats of this age
group receiving BAPN for 7 days, however, several days after removing
BAPN from the drinking water, cartilage cells were frequently found in
the intercellular zone adjacent to the developing bone spicules.

The

presence of cartilage in the surgical exostosis was not a surprising
phenomenon since the periosteum is a direct descendent of perichondrium
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cartilage by means of appositional growth.

According to Ham (103) the

osteogenic cells were able to form either bone or cartilage in
fractured rib, and which it formed depended on whether the environment
was vascular or non-vascular, bone forming in the vascular environment,
cartilage in the non-vascular.

A zone existed between the cartilage

and the bone where differentiation was in neither direction, the tissue
thus assuming the characteristics of both bone and cartilage.

With the

blood supply aspect in mind the presence of cartilage in the surgical
exostosis was explained.

Likewise, if observable lifting of the

periosteum occurred at the adductor longus-pectineus insertion of
lathyric rats as stated by some investigators (9), cartilaginous tissue
should have been present.

However, it was apparent that cartilage cells

were not present in the exostosis of the rat administered BAPN for 1
week, but several days after removing BAPN from the drinking water
cartilage cells were evident in the intercellular zone of the exostosis.
In the central portion of the BAPN-regression exostosis the cartilage
cells were usually present at the apex of the developing bone spicules
which were especially prominent on the anterior and posterior surfaces
of the exostosis.

The presence of cartilage in the regression exostosis

was somewhat difficult to explain, for although the exostosis increased
in size following removal of BAPN from the diet the increase did not
appear significant enough to account for an insufficient blood supply
to the area, thus causing the periosteum to resort to cartilage
formation.

Therefore, a definite reason for the appearance of

cartilage during the 2-day regression period was not reached.

The

presence of cartilage in the long-term lathyric exostosis was never
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Also, Yeager (88) noted that no more

cartilage was present in the exostosis of BAPN-surgieal rats than in
the surgical exostosis, yet the combined stimulation produced an
exostosis more than twice as large as that of either the lathyric or
surgical response.

Although there was no good evidence, the question

remained whether the presence of BAPN inhibited the formation of
cartilage cells.

Cartilage matrix is known to contain large amounts

of sulfate and abnormalities of sulfate metabolism have been reported
in lathyric animals (55-60).
According to Ham and Leeson (104) immature bone was formed
during embryonic development, in the repair of bone fractures, and in
certain types of bone tumors.

The immature bone was gradually

replaced by lamellar bone, however, the immature bone mixed with
lamellar bone persisted in tooth sockets, near cranial sutures, in the
osseous labyrinth, and near tendon and ligament attachments (102).

The

immature bone was noted by Pritchard (105) to be characteristically
formed below the fibrous periosteum at the rapidly growing margins of
the developing bone.

This fact appeared to be the case in the spicule

formation occurring within the exostoses of all groups, for deposition
of more immature bone at the edges than in the center of the exostoses
was observed in the early stages, thus resulting in the formation of a
crater-like structure.

This type of formation was previously noted by

Yeager and Hamre (68).

Cells of the proliferative zone of the exostosis

were considered to resemble mesenchymal cells, and as a result,
formation of the immature bone spicules appears to represent a
development due to the differentiation of embryonic type tissue.

As

previously mentioned, immature bone spicules formed in the repair of
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bone fractures, and exostoses have been likened to callus tissue after
bone fracture.

It appears that immature bone may act as a temporary

expedient to strengthen the soft tissue mass •which is of common
occurrence in both fractures and the formation of exostoses.

This was

accomplished in the exostoses by advancement of the more differentiated
tissues near the femoral cortex, towards the embryonic tissue at the
apex.
Following the formation of the primary structure, osteoblasts
covering the immature spicules began to deposit mature bone.

Mature

bone can be distinguished from the immature bone by differences in the
matrix and the cellular appearance (106).

According to Young (106) the

matrix of immature bone demonstrated an increased basophilia, irregular
arrangement of the collagen bundles, and affinity for the PAS reaction,
while the cellular components, the osteocytes, were generally larger,
closer together, and more irregularly arranged than the components of
mature bone.

These differences were well marked in the spicules

forming the exostosis.

The lamellar bone which was deposited on the

immature spicules served mainly as a consolidating material.

Only

slight amounts of mature bone were deposited on the parts of the bone
spicules adjacent to the old cortex where osteoblasts early assumed the
appearance of inactive cells, and osteoclasts became frequent.

In the

peripheral portions of the spicules the deposition of mature bone was
definitely a deliberate act which converted the trabeculae into a new
compact cortex and returned the insertion site to a fairly n o m a l
appearance.

It was noted that a transition zone existed between bone
spicules and cartilage masses. Cells of this zone were intermediate
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in type, resembling neither cartilage nor bone.
at these sites was a constant question.

What actually happened

Occasionally, it appeared that

cells differentiated towards cartilage became trapped in the newly
forming bone spicules.

Evidence has accumulated that cartilage may be

transformed directly into bone.

Early in vitro studies by Fell (107)

of bone tissue from chick embryos showed that cartilage became directly
transformed into osteoid or bone.

Urist and Johnson (108) observed

that cartilage in the periosteal callus in healing fractures of man
lost its basophilic characteristics and was found in the bony
trabeculae, thus a transformation of chondrocytes into osteocytes had
occurred.

The direct transformation of uneroded cartilage into bone

was described by Pritchard and Ruzecka (109) to occur in the fracture
callus of the frog and lizard, but not in the rat.

The cartilaginous

matrix lost its basophilia and became increasingly fibrous and eosin
ophilic, the cartilage cells assuming the appearance of osteocytes.

In

the fusion of the frontal suture of a rat, two types of cartilage have
been defined, definitive cartilage and an intermediate form (110,111).
The definitive cartilage underwent endochondral ossification, while
the intermediate type was transformed directly into bone.

Photo

micrographs of the intermediate type appeared to be very similar to the
transition zones present in the exostosis between cartilage and immature
bone spicules.

Enlow (112) also identified chondroid bone in which

cartilage-like cells appeared to undergo direct conversion into
osteocytes.

Although the transition zone seen in the exostoses

appeared fairly similar to photomicrographs of the intermediate zone
described in other papers, the question remained whether these cells
are actually cartilage.

If these cells have not completely
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receive the appropriate stimulus, such as an adequate blood supply
during the process of differentiating, and diverge from the direction
of forming chondroblasts and instead form osteoblasts which become
trapped in the immature bone spicules, hence becoming osteocytes.
m

However, the chief source of new bone in the exostoses was not
endochondral bone nor bone formed from the intermediate zone, but bone
produced by the differentiation of osteoprogenitor cells into
osteoblasts.
An intermediate zone frequently existed between the outer portion
of the intercellular zone and masses of cartilaginous tissue.

As one

approached the cartilaginous mass, cells of this intermediate zone
appeared to gradually differentiate into cartilage cells.

The

intermediate cells were somewhat similar to those described previously,
and the zone was seen to form an immature bone spicule in later stages.
The different time occurrences of osteoclasts in the lathyric and
surgical exostosis generally appeared to have no overall affect on the
regression of the exostosis.

The very probable appearance of the

chondroclasts and osteoclasts earlier in the surgical exostosis may be
accounted for by the presence of cartilage at an earlier period,
likewise, when cartilage cells were present in the lathyric-regression
exostosis, chondroclasts and osteoclasts had made their appearance.
Osteoclasts appeared to be present in relation to the bone spicules
which were undergoing resorption.

As the spicules decreased in size

the number of osteoclasts eroding the spicules markedly diminished.
At later intervals, very few osteoclasts were seen related to the
remaining spicules located in the new marrow cavity, however, these
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likewise, osteoclasts were not

conspicuous in the resorption of the old femoral cortex.
Although the origin, function and fate of the osteoclasts were
not important aspects of this study, the osteoclast did form one of the
conspicuous cells present in the regressing eocostosis.

It is generally-

held that the osteoclast differentiates from precursor cells, and it
appears that more than one source is involved.

According to Tonna (113)

these sources included the origin of osteoclasts by fusion of fibro
blasts, reticulum cells, bone cells with cartilage cellsliberated from
skeletal matrix, histiocytes, macrophages, monocytes, lymphocytes, and
liberated chondrocytes, however, in the periosteum the source of
osteoclasts was claimed to be preosteoblasts and osteoblasts.

The

function of the osteoclast seems to be fairly well established by the
work of Scott and Pease (11*0 and Arnold and Jee (115).

Studying the

osteoclasts at the epiphysis of kittens, Scott and Pease (11*0 noted
the presence of "ruffled borders" at the surfaces of osteoclasts in
contact with the bone surface.

They believed that the ruffled border

elaborated a substance which dissolved the collagen and liberated the
mineral crystals which were phagocytized through the ruffled border and
later digested in cytoplasmic vacuoles.

Autoradiographic studies on

the uptake of Pu^39 at various time intervals in femurs and lumbar
vertebral bodies were studied by Arnold and Jee (115).

They found that

the Pu239 derived from resorbed bone progressively accumulated in the
osteoclasts, and speculated that the osteoclast acted by fragmenting
the bone at its surface, ingesting the bone particles into its
cytoplasm and then digesting the particles and concentrating the
liberated plutonium.

The autoradiographic stucty- substantiated the

-97electron microscope findings.

The question of the fate of osteoclasts

has been reviewed by Hancox (116) and appears to be as indefinite as its
origin. It seems that the osteoclast might disappear by:

(1) undergoing

local degeneration followed by phagocytosis, (2) reverting to osteo
blasts or reticular cells, or (3) escaping into the blood stream and
becoming trapped in the spleen or lungs. Whatever the fate of the
osteoclast, the cell was rarely found in relation to the bone spicules
of the exostoses when the spicules had diminished considerably in size.
The question still remained as to why the resorption of the
proximal bone spicules and the old femoral cortex occurred.

It appears

that one of the most logical explanations is the lack of stress on these
structures when the peripheral portions of the spicules have formed a
compact cortex.

The new cortex then begins to assume the stress

expended by the adductor longus and pectineus muscles and the old
cortex is resorbed.

The fact that bone resorption often occurred when

bone was relieved of its normal, functional stresses has been shown
by Geiser and Trueta (117).
One of the very interesting observations made in this study was
the presence of very frequent alcian blue positive cells within the
new bone marrow which replaced the eroded spicules. It was presumed
that these cells were mast cells due to their staining reaction with
alcian blue at the low pH and the previous reports by Gillman (95)»
and Takeoka, Angevine and Lalich (96 ) of an increased number of mast
cells which stained with toluidine blue in the bone marrow of long-term
lathyric rats.

The results of this experiment were in definite

agreement with Gillman (95) that the mast cell increase was present in
the newly formed marrow. Gillman (95) suggested that the increased
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saccharides during bone remodelling, while Takeoka, Angevine and Lallch
(96) attributed the increase to be related in some manner to the
mechanical stress produced by muscle tension.

However, from the present

investigation and results reported on bone resorption in tissue culture
another suggestion appears warranted.

A recent report by Goldhaber (118)

indicated that the addition of heparin, or a synthetic polysaccharidesulfuric ester similar in structure to heparin, to the medium in which
bone tissue was cultured markedly enhanced the amount of bone
resorption obtained with suboptimal concentrations of parathyroid
extract or other factors which stimulate bone resorption, such as
vitamins A and D.

The mechanism by which heparin exerted its effect on

bone was not known, but it was suggested that the mast cell, the most
common source of heparin, might play a very important role in the
resorption of bone.

The cells which have been identified as mast cells

may serve an important role in resorption of the bone spicules.
Whether heparin is released into the surrounding marrow to stimulate
spicule resorption remains a question to be answered.
Basophilic and PAS positive bone globules which were identified in
the 1-week lathyric exostosis were also found in the exostosis produced
by partial avulsion of the insertion.

The globules were commonly seen

at sites of new immature bone formation and later were identified
within the bone spicules.

The intercellular matrix of cartilage cells

likewise possessed the globules.

Selye (77) has previously suggested

that the globules were pathognomonic of lathyrism.

The actual

composition of these granules has been investigated by van den Hooff
(78), who found that the globules take up calcium and fuse to form a
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course irregular type of calcified matrix. He suggested that the
globules reflect an insufficient stabilization of collagen by neutral
carbohydrates, and that the calcium salts became bound to neutral
sugar-containing tissue components rather than to the collagen.

Their

appearance in the surgical exostosis may be related to the embryological
origin of the osteoblasts which form the immature spicules.

It was

mentioned in Chapter I that Weidenreich (79) demonstrated calcified
bodies at the tendon-insertion site in embryonic bone.
The regression studies have shown the manner by which the periosteal
lesions regress, and provide an excellent basis for further histochemical and autoradiographic investigations of bone metabolism.

The

effect of BAPN on the formation of cartilage in the exostoses possibly
deserves further attention.

This may be investigated by giving 2

groups of animals the lathyrogen for 7 days followed by removing the
lathyrogen from the diet of one group, and then studying and comparing
the daily changes in the exostoses during the ensuing week.

Further

studies on the collagen and mucopolysaccharides of the BAPN, surgical
and BAPN-surgieal exostoses could give valuable information on these
important constituents of the exostosis.

Such studies should involve

the histological examination and comparison of exostoses which have
and have not been subjected to extraction with NaCl.

Another aspect

which deserves further investigation is the role of the mast cell, if
any, in the resorption of bone.

Histological and autoradiographic

studies of the mast cell may prove rewarding.

CHAPTER V
SUMMARY

Partial avulsion of the common insertion of the adductor longus
and pectineus muscles produced a periosteal response similar to that
occurring with the administration of BAPN.

Although the periosteal

response in lathyric rats has not been found attributable to tearing
of the periosteum, histological observation showed that the periosteal
response in both BAPN and surgically stimulated rats were similar.

A

review of the literature showed that only a few investigations have
dealt with the regression of the lesions induced by the lathyrogenic
agents.

Therefore, it was the purpose of this investigation to study

and compare the process by which the adductor longus-pectineus
exostosis of BAPN and surgically stimulated rats regressed.
A total of 88 male and female albino rats of the Holtzman strain
were divided into 4 groups when four and one-half weeks of age.

Group I

consisted of 3 control rats which were killed during the experiment at
1, 5 and 11 weeks respectively.

The 35 rats composing Group II were

given 150 milligrams BAPN/lOO milliliters of water ad libitum on the
first day of the experiment and continued daily for 7 days.

On day

seven the first animals were killed, while the remaining rats were
placed on tap water which contained no BAPN.

The remaining rats of

this group were killed at various time intervals during the following
10 weeks.

Thirty-three rats composed Group III in which a partial
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avulsion of the adductor longus-pectineus insertion was performed.
The first animals of this group were killed 7 days after the surgical
procedure and at time intervals corresponding to those of Group II.
Group IV was composed of 17 rats receiving BAPN for varying periods
up to 10 weeks. Animals in this group were killed at weekly intervals
beginning after the second week of BAPN administration and continuing
through the tenth week.
All animals were killed with ether. Upon reaching deep
unconsciousness the rat was removed from the anesthetizing jar, the
abdominal and thoracic cavities were opened, the lungs and abdominal
viscera examined, and the aorta severed. Following the autopsy the
common insertion of the adductor longus and pectineus muscles was
exposed and examined.

The rear appendages were then removed, placed

in Bouin-Hollande fixative for 3 days, and decalcified in 10 percent
formic acid.

Hie middle third of the femur containing the adductor

longus and pectineus insertion was embedded in Tissuemat and serial
cross-sections were cut at 7 microns.

Every fiftieth section was

mounted on a slide and stained with Harris* hematoxylin and picro-eosin.
The next four adjacent sections were mounted on separate slides and
stained with Masson’s trichrome stain, Weigert's resorcin-fuchsin
elastic stain, Snook’s modification of the Bielschowsky silver method
for reticulum, and the combined alcian blue (pH l)-periodic acid-Schiff
technique. All sections were mounted in Permount and studied by means
of the light microscope.
Gross examination of the adductor longus-pectineus insertion 1
week after the initial stimulation either by BAPN or partial avulsion
showed a response similar to that previously observed by other
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investigators.

The white mass of tissue appeared similar in both

groups, but frequently projected more anteriorly in rats of Group III.
The gross manifestations of the response at the insertion site dimin
ished during the weeks following, and after 5 weeks regression
indications of a lesion were considered to be lacking.

The adductor

longus-pectineus exostosis continued to become larger in rats
administered BAPN for periods longer than 1 week.
Descriptions of the lathyric and surgical exostoses were
facilitated by dividing the structure into distal, central and proximal
portions. Although they differed considerably in size and shape, the
distal and proximal portions exhibited many of the same characteristics.
The 7-day BAPN exostosis was covered entirely by the fibrous
periosteum.

In the distal and proximal portions the inner periosteum

was composed of a zone of proliferative cells, a very thin zone of
intercellular material, and a zone of osteogenesis.

The inner

periosteum in the central portion of the exostosis was markedly
thickened due to the increased size of the intercellular zone, while
the zone of osteogenesis showed little development.
Several days after removal of BAPN from the drinking water the
exostosis had markedly changed. In the distal and proximal portions
the proliferative and intercellular zones had regressed and were
replaced by an inner periosteum similar to control periosteum of these
portions.

The central portion was not dominated by the intercellular

zone, but had been replaced considerably by the zone of osteogenesis.
Cartilaginous tissue was present in the intercellular zone.

Bone

spicule formation was farthest advanced on the anterior and posterior
surfaces of the exostosis in the central portion and was continuous

-103-

with the osteogenic zone of the distal and proximal portions. Chondroclasts and osteoclasts were present in the 2-day BAPN-regression
exostosis, being prominent in areas of cartilage and bone spicules
adjacent to the old cortex respectively. At this period the bony
structure had a crater-shaped appearance. Five days after removing
BAPN from the drinking water the peripheral portions of the spicules in
the distal and proximal portions began to fuse together and form a new
cortex.

The new cortex in the distal and proximal portions continued

to form during the weeks following and had become a compact structure
after the sixth or seventh week of regression. While the peripheral
portions of the spicules in the distal and proximal segments were
incorporated into the new cortex the portions adjacent to the old or
original cortex were resorbed. In the central portion the osteogenic
zone continued to replace the soft tissue of the exostosis during the
days following, and after 2 weeks regression the new cortex had become
a delineated structure.

Continued deposition of mature bone completed

the new cortex as a compact structure during the sixth and seventh
weeks of regression. Resorption of the spicules not incorporated into
the new cortex continued through the seventh and eighth weeks of
regression, when usually all the spicules were resorbed. The removed
spicules were replaced by hematopoietic tissue.

The old or original

cortex was resorbed and slightly remodelled during the duration of the
investigation, with only remnants of the old cortex remaining in the
marrow cavity after 10 weeks regression.
The central portion of the surgical exostosis 7 days after
partial avulsion of the adductor longus-pectineus insertion was not
covered by a fibrous periosteum. A fibrous periosteum was considered

to have formed in the 2-week regression exostosis and several weeks
later was complete with elastic fibers.
The thickened inner periosteum of the distal and proximal portions
in the 7-day surgical exostosis was composed primarily of immature bone
spicules, while the zones of proliferation and intercellular material
were considered to be lacking and were replaced by a periosteum similar
to that found in control animals in these regions.

The central portion

of the 7-day surgical exostosis consisted of the proliferative,
intercellular and osteogenic zones as seen in the lathyric exostosis,
however, the osteogenic zone was more prominent here.

Cartilage cells

were observed in the intercellular zone in all surgical exostoses.
Chondroclasts were found associated with the cartilaginous tissue, while
osteoclasts were related to the endochondral and intramembranous bone.
During the first and second weeks of regression a new cortex
formed in the distal and proximal portions.

This was accomplished as

in the BAPN-regression exostosis by the deposition of mature bone on
the peripheral spicules and resorption of the spicules adjacent to the
old or original cortex. A new compact cortex was completed at
approximately 6 weeks regression. At the same time the soft tissue of
the exostosis in the central portion was replaced by immature bone
spicules on which mature bone was deposited.

The new cortex was

delineated in the 2-week regression exostosis. Deposition of mature
bone on the peripheral spicules and the resorption of the spicules
adjacent to the old cortex was as in the distal and proximal portions.
The new compact cortex was completed at approximately the same time or
slightly later than in the other portions.

Remnants of the old cortex
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as in the BAPN-regression exostosis continued to remain within the
marrow cavity after 10 weeks of regression.
Continued administration of BAPN resulted in an exostosis which
progressively increased in size.

The periperal portions of the spicules

in the distal and proximal portions and on the anterior and posterior
surfaces of the exostosis gradually were incorporated into a new or
secondary compact cortex.
cortex was not formed.

At the vertex of the exostosis the new

It appeared that a new or secondary cortex

attempted to form, but continued proliferation and differentiation into
preosseous tissue produced new spicules on the attempted cortex which
were separated by areas of premarrow tissue.

The spicules between the

original cortex and the attempted cortex were gradually resorbed,
together with the original cortex.

The peripheral portions of the

spicules which formed on the secondary cortex began to coalesce to form
a tertiary cortex.

Meanwhile, the portions of the spicules adjacent to

the secondary cortex, together with the secondary cortex were being
resorbed.

These processes appeared to occur in cycles, continuing in

the same manner to form a fourth cortex.

The resorbed spicules were

replaced by a fatty bone marrow.
Mast cells were of frequent occurrence in the new bone marrow of
the BAPN-regression, surgical-regression and long-term lathyric
exostoses.

A previous report indicating an increased number of mast

cells in the old bone marrow of long-term lathyric rats was not
confirmed.
Although the lathyric exostosis likely had a defective ground
substance at the beginning of the regression study and appeared
histologically somewhat different from the surgical exostosis, the
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results showed that the regression of the two lesions was similar.
Furthermore, processes occurring in the regression of the lathyrie
and surgical exostoses had some similarity to processes occurring when
BAPN was administered for prolonged periods.
The results of this investigation support the thesis that the
periosteal response in lathyrism is a result of periosteal tearing,
likely submicroscopic, since regression of the lathyrie lesions was
similar to those following partial avulsion of the adductor-longus
insertion.

Some aspects of the regression study are discussed.

CHAPTER V I

CONCLUSIONS

(1)

The overall process of regression in the BAPN and surgical
exostoses is similar.

(2)

The exostoses of rats administered BAPN for 1 week continue to
increase in size during the first several days following removal
of BAPN from the diet.

(3)

In the process of regression the soft tissue of the exostosis is
replaced by immature bone spicules on which mature bone is
deposited.

Deposition of mature bone is most prominent on the

peripheral portions of the bone spicules and results in the
coalescence of the peripheral portions to form a new cortex.
(4)

The old cortex and the bone spicules adjacent to it are resorbed
and replaced by new hematopoietic tissue.

(5)

Cartilage cells are a prominent feature of the 1-week surgical
exostosis, while in the 1-week BAPN exostosis of this age rat,
cartilage cells are never found.

Cartilage cells are present in

the 2-day BAPN-regression exostosis.
(6)

Chondroelasts and osteoclasts which are prominent in the 1-week
surgical exostosis are never found in the 1-week BAPN exostosis,
but are present in the exostosis after 2 days regression.

(7)

The fibrous periosteum of the surgically stimulated insertion is
always disrupted and is reformed as a fibrous structure lacking
-10 7 -
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elastic fibers in the 2-week surgical-regression exostosis.
Elastic fibers are present among the collagen fibers of the
fibrous periosteum in the 4-week surgical-regression exostosis.
(8)

The presence of abundant amounts of cartilage in the surgical
exostosis is responsible for the occurrence of cartilage rests
in the new femoral cortex.

(9)

Processes occurring in the exostosis when BAPN is administered
for periods longer than 1 week are somewhat similar to processes
occurring in the BAPN-regression exostosis.

(10)

Mast cells are conspicuous cells in the new bone marrow of the
BAPN- and surgical-regression exostoses, as well as being very
prominent in the new bone marrow of the exostosis in rats fed
BAPN for long periods of time.
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PLATE I

F ig u r e 1

A d d u c to r lo n g u s -p e c t in e u s i n s e r t i o n
A L , a d d u c to r lo n g u s ; P , p e c t in e u s .

F ig u r e 2 .

A d d u c t o r l o n g u s - p e c t i n e u s i n s e r t i o n o f a r a t g i v e n BAPN
f o r 7 days. A L , a d d u c t o r l o n g u s ; P , p e c t i n e u s .

o f a co n tro l r a t .

PLATE

n

F ig u r e 3«

Adductor longus-pectineus insertion of a rat two and
one-half weeks after removal of BAPN from the drinking
water. AL, adductor longus; P, pectineus.

F ig u r e 4 .

A d d u c to r lo n g u s -p e c t in e u s i n s e r t i o n o f a r a t 7 w eeks
a f t e r r e m o v a l o f BAPN fro m t h e d r i n k i n g w a t e r .
AL,
a d d u c to r lo n g u s ; P , p e c t in e u s .

PLATE I I I

F ig u r e 5 .

A d d u c t o r l o n g u s - p e c t i n e u s i n s e r t i o n o f a r a t 1 w eek a f t e r
p a r t i a l a v u ls io n o f th e in s e r t io n s i t e ,
A L , a d d u cto r
lo n g u s ; P , p e e tin e u s .

F ig u r e 6 .

A d d u c to r lo n g u s -p e e tin e u s i n s e r t i o n o f a 1-w e e k s u r g i c a l re g r e s s io n r a t .
A L , a d d u cto r lo n g u s ; P , p e e tin e u s .

PLA TE I V

F ig u r e ? .

Figure

8.

A d d u c t o r l o n g u s - p e c t i n e u s i n s e r t i o n o f a tw o an d o
w eek s u r g i c a l - r e g r e s s i o n r a t .
A L , a d d u c t o r lo n g u s
p e c tin e u s .

Adductor longus-pectineus insertion of a 6-week
surgical-regression rat. AL, adductor longus;
P, pectineus.

PLATE V

F ig u r e 9 .

F ig u r e 1 0 •

A d d u c t o r l o n g u s - p e c t i n e u s i n s e r t i o n o f a r a t g i v e n BAPN
f o r 2 w eeks.
A L , a d d u c to r lo n g u s ; P , p e c t in e u s .

A d d u c t o r l o n g u s - p e c t i n e u s i n s e r t i o n o f a r a t g i v e n BAPN
fo r 5 w eeks.
A L , a d d u c to r lo n g u s ; P , p e c t in e u s .

PLATE V I

F ig u r e 1 1 .

A d d u c t o r l o n g u s - p e e t i n e u s i n s e r t i o n o f a r a t g i v e n BAPN
fo r 7 w eeks.
A L , a d d u cto r lo n g u s ; P , p e c tin e u s .

F ig u r e 1 2 .

A d d u c t o r l o n g u s - p e e t i n e u s i n s e r t i o n o f a r a t g i v e n BAPN
f o r 10 w eeks.
A L , a d d u c to r lo n g u s ; P , p e c t in e u s .

PLATE V I I

Figure 13.

Transverse section of a femur from a control rat of Group I at the
beginning of the regression study showing the thickened periosteum
at the adductor longus-pectineus insertion and the general appearance
of the femoral cortex. Masson’s trichrome. X 18.

Figure 14.

Transverse section of a femur from a control rat of Group I at the
end of the regression study showing the thickened periosteum at the
adductor longus-pectineus insertion and the general appearance of
the femoral cortex. Hematoxylin and Eosin. X 18.

PLATE V I I I

Figure 15•

Transverse section of the femur at the level of the distal portion
of the adductor longus-pectuneus exostosis of a rat given BAPN for
7 days. ZP, zone of proliferation; I, zone of intercellular
material; OG, osteogenic zone. Hematoxylin and Eosin. X 18.

Figure 16.

Transverse section of the femur at the level of the central portion
of the adductor longus-pectineus exostosis of a rat given BAPN for
7 days. ZP, zone of proliferation; I, zone of intercellular
material; OG, osteogenic zone. Hematoxylin and Eosin. X 18.

Figure 17.

Transverse section of the femur at the level of the proximal
portion of the adductor longus-pectineus exostosis of a rat given
BAPN for 7 days. ZP, zone of proliferation; I, zone of inter
cellular material; OG, osteogenic zone. Hematoxylin and Eosin.
X 18.

PLATE I X

F ig u r e 1 8 .

T r a n s v e r s e s e c t i o n o f t h e fe m u r a t t h e l e v e l o f t h e d i s t a l p o r t i o n
o f th e a d d u c to r lo n g u s -p e c t in e u s e x o s t o s is o f a 2 - d a y B A P N -r e g r e s s io n
ra t.
0 6 , o s te o g e n ic z o n e .
H e m a t o x y lin a n d E o s i n .
X 18 .

Figure 19.

Transverse section of the femur at the level of the central portion
of the adductor longus-pectineus exostosis of a 2-day BAPN-regression
rat. ZP, zone of proliferation; I, zone of intercellular material;
0G, osteogenic zone; C, cartilage. Hematoxylin and Eosin. X 18.

F ig u r e 2 0 .

T r a n s v e r s e s e c t i o n o f t h e fe m u r a t t h e l e v e l o f t h e p r o x i m a l p o r t i o n
o f t h e a d d u c t o r l o n g u s - p e c t i n e u s e x o s t o s i s o f a 2 - d a y B A P N - r e g r e s s io n
ra t.
0 6 , o s te o g e n ic z o n e .
H e m a t o x y lin a n d E o s i n .
X 18 .

PLATE X

F ig u r e 2 1 .

T r a n s v e r s e s e c t i o n o f t h e fe m u r a t t h e l e v e l o f t h e d i s t a l p o r t i o n
o f t h e a d d u c t o r l o n g u s - p e c t i n e u s e x o s t o s i s o f a 5 - d a y BAPN r e g re s sio n r a t .
OG, o s t e o g e n i c z o n e .
H e m a to x y lin an d E o s i n .
X 18 .

Figure 22.

Transverse section of the femur at the level of the central
portion of the adductor longus-pectineus exostosis of a 5-day
BAPN-regression rat. ZP, zone of proliferation; I, zone of
intercellular material; OG, osteogenic zone.
Hematoxylin and
Eosin. X 18.

Figure 23.

Transverse section of the femur at the level of the proximal
portion of the adductor longus-pectineus exostosis of a 5-day
BAPN-regression rat. OG, osteogenic zone. Hematoxylin and
Eosin. X 18.

PLATE X I

F ig u r e 2 4 .

T r a n s v e r s e s e c t i o n o f t h e fe m u r a t t h e l e v e l o f t h e d i s t a l p o r t i o n
o f t h e a d d u c t o r l o n g u s - p e c t i n e u s e x o s t o s i s o f a 1 - w e e k B A P N - r e g r e s s io n
ra t.
H e m a to x y lin an d E o s i n .
X 18 .

Figure 25•

Transverse section of the femur at the level of the central portion
of the adductor longus-pectineus exostosis of a 1-week BAPN-regression
rat. I, intercellular zone; OG, osteogenic zone. Hematoxylin and
Eosin. X 18.

F ig u r e 2 6 .

T r a n s v e r s e s e c t i o n o f t h e fe m u r a t t h e l e v e l o f t h e p r o x i m a l p o r t i o n
o f t h e a d d u c t o r l o n g u s - p e c t i n e u s e x o s t o s i s o f a 1 - w e e k B A P N - r e g r e s s io n
ra t.
H e m a to x y lin an d I o s i n .
X 18 .

PLATE X I I

Figure 27.

Transverse section of the femur at the level of the distal portion
of the adductor longus-pectineus exostosis of a 2-week BAPN-regression
rat. Hematoxylin and Eosin. X 18.

Figure 28.

Transverse section of the femur at the level of the central portion
of the adductor longus-pectineus exostosis of a 2-week BAPN-regression
rat. Hematoxylin and Eosin. X 18.

Figure 29.

Transverse section of the femur at the level of the proximal portion
of the adductor longus-pectineus exostosis of a 2-week BAPN-regression
rat. Hematoxylin and Eosin. X 18.

PLATE X I I I

F ig u r e 3 0 .

T r a n s v e r s e s e c t i o n o f t h e fe m u r a t t h e l e v e l o f t h e d i s t a l p o r t i o n
o f t h e a d d u c t o r l o n g u s - p e c t i n e u s e x o s t o s i s o f a 5 -w e e k BAPN r e g re s s io n r a t .
H e m a to x y lin an d E o s l n .
X 18 .

Figure 31*

Transverse section of the femur at the level of the central portion
of the adductor longus-pectineus exostosis of a 5-week BAPNregression rat. Hematoxylin and Eosin. X 18.

F ig u r e 3 2 .

T r a n s v e r s e s e c t i o n o f t h e fe m u r a t t h e l e v e l o f t h e p r o x i m a l p o r t i o n
o f t h e a d d u c t o r l o n g u s - p e c t i n e u s e x o s t o s i s o f a 5 -w e e k BA PN re g re s sio n r a t .
H e m a t o x y lin a n d E o s i n .
X 18 .

PLATE X IV

F ig u r e 3 3 *

Figure

T r a n s v e r s e s e c t i o n o f t h e fe m u r a t t h e l e v e l o f t h e c e n t r a l p o r t i o n
o f t h e a d d u c t o r l o n g u s - p e c t i n e u s e x o s t o s i s o f a 7 -w e e k B A P N - r e g r e s s io n
ra t.
H e m a to x y lin an d E o s i n .
X 18 .

Jk, Transverse section of the femur at the level of the central portion
of the adductor longus-pectineus exostosis of a 10-week BAPNregression rat. Hematoxylin and Eosin. X 18.

PLATE XV

F ig u r e 3 5 .

Figure

36.

F ig u r e 3 7 .

Transverse section of the femur at the level of the distal portion
of the adductor longus-pectineus exostosis of a rat 7 days after
partial avulsion of the adductor longus-pectineus insertion. OG,
osteogenic zone. Hematoxylin and Eosin. X 18.

Transverse section of the femur at the level of the central portion
of the adductor longus-pectineus exostosis of a rat 7 days after
partial avulsion of the adductor longus-pectineus insertion. ZP,
zone of proliferation; I, zone of intercellular material; OG,
osteogenic zone; C, cartilage. Hematoxylin and Eosin. X 18.

Transverse section of the femur at the level of the proximal portion
of the adductor longus-pectineus exostosis of a rat 7 days after
partial avulsion of the adductor longus-pectineus insertion. OG,
osteogenic zone. Hematoxylin and Eosin. X 18.

P IA T E X V I

F ig u r e J8 .

T r a n s v e r s e s e c t i o n o f t h e fe m u r a t t h e l e v e l o f t h e d i s t a l p o r t i o n
o f th e a d d u c to r lo n g u s -p e c tin e u s e x o s t o s is o f a 2 -d a y s u r g i c a l r e g re s s io n r a t .
H e m a t o x y lin an d E o s i n .
X 18 .

Figure 39•

Transverse section of the femur at the level of the central
portion of the adduotor longus-pectineus exostosis of a 2-day
surgical-regression rat. C, cartilage; OG, osteogenic zone.
Hematoxylin and Eosin. X 18.
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Figure 40.

Transverse section of the femur at the level of the proximal
portion of the adductor longus-pectineus exostosis of a
2-day surgical-regression rat. C, cartilage; UD, undifferentiated
tissue. Hematoxylin and Eosin. X 18.

PLATE X V I I

F ig u r e 4 1 .

T r a n s v e r s e s e c t i o n o f t h e fe m u r a t t h e l e v e l o f t h e d i s t a l p o r t i o n
o f th e a d d u c to r lo n g u s -p e c tin e u s e x o s t o s is o f a 5 - d a y s u r g i c a l r e g re s s io n r a t .
H e m a t o x y lin an d E o s i n .
X 18 .

Figure 42.

Transverse section of the femur at the level of the central
portion of the adductor longus-pectineus exostosis of a 5-day
surgical-regression rat. Hematoxylin and Eosin. X 18.

F ig u r e 4 3 .

T r a n s v e r s e s e c t i o n o f t h e fe m u r a t t h e l e v e l o f t h e p r o x i m a l
p o r t io n o f th e a d d u c to r lo n g u s -p e c tin e u s e x o s t o s is o f a 5 - d a y
s u r g ic a l-r e g r e s s io n r a t .
H e m a t o x y lin an d E o s i n .
X 18 .

PLATE X V I I I

F ig u r e 4 4 .

T r a n s v e r s e s e c t i o n o f t h e feoru r a t t h e l e v e l o f t h e d i s t a l p o r t i o n
o f th e a d d u c to r lo n g u s -p e c t in e u s e x o s t o s i s o f a 1-w e e k s u r g i c a l r e g re s s io n r a t .
H e m a t o x y lin an d E o s i n .
X 18 .

Figure 45.

Transverse section of the femur at the level of the central
portion of the adductor longus-pectineus exostosis of a 1 -week
surgical-regression rat. Hematoxylin and Eosin. X 18.

F ig u r e 4 6 .

T r a n s v e r s e s e c t i o n o f t h e fe m u r a t t h e l e v e l o f t h e p r o x i m a l
p o r t io n o f t h e a d d u c to r lo n g u s -p e c t in e u s e x o s t o s is o f a 1-w e e k
s u r g ic a l-r e g r e s s io n r a t .
H e m a t o x y lin a n d E o s i n .
X 18 .

PLATE XEX
F ig u r e 4 7 .

T r a n s v e r s e s e c t i o n o f t h e fe m u r a t t h e l e v e l o f t h e d i s t a l p o r t i o n
o f t h e a d d u c t o r l o n g u s - p e c t i n e u s e x o s t o s i s o f a 2 -w e e k s u r g i c a l re g re s sio n r a t .
H e m a to x y lin a n d E o s i n .
X 18 .

Figure 48.

Transverse section of the femur at the level of the central
portion of the adductor longus-pectineus exostosis of a 2-week
surgical-regression rat. Hematoxylin and Eosin. X 18.

F ig u r e 4 9 .

T r a n s v e r s e s e c t i o n o f t h e fe m u r a t t h e l e v e l o f t h e p r o x i m a l
p o r t io n o f th e a d d u c to r lo n g u s -p e c tin e u s e x o s t o s is o f a
2 -w e e k s u r g i c a l - r e g r e s s i o n r a t .
H e m a t o x y lin an d E o s i n .
X 38.

PLATE XX

F ig u r e 5 0 .

T r a n s v e r s e s e c t i o n o f t h e fe m u r a t t h e l e v e l o f t h e d i s t a l p o r t i o n
o f t h e a d d u c t o r l o n g u s - p e c t i n e u s e x o s t o s i s o f a 5 -w e e k s u r g i c a l r e g re s sio n r a t .
H e m a t o x y lin a n d E o s i n .
X 18 .

Figure 51.

Transverse section of the femur at the level of the central portion
of the adductor longus-pectineus exostosis of a 5-week surgicalregression rat. Hematoxylin and Eosin. X 18.

F ig u r e 5 2 .

T r a n s v e r s e s e c t i o n o f t h e fe m u r a t t h e l e v e l o f t h e p r o x i m a l
p o r t i o n o f t h e a d d u c t o r l o n g u s - p e c t i n e u s e x o s t o s i s o f a 5 -w e e k
s u r g ic a l-r e g r e s s io n r a t .
H e m a t o x y lin an d E o s i n .
X 18 .

PLATE X X I

F ig u r e 53*

T r a n s v e r s e s e c t i o n o f t h e fe m u r a t t h e l e v e l o f t h e d i s t a l p o r t i o n
o f t h e a d d u c to r lo n g u s -p e c t in e u s e x o s t o s i s o f a 10 -w e e k s u r g i c a l re g re s sio n r a t .
H e m a t o x y lin an d E o s i n .
X 18 .

Figure 5^»

Transverse section of the femur at the level of the central portion
of the adductor longus-pectineus exostosis of a 10-week surgicalregression rat. Hematoxylin and Eosin. X 18.

F ig u r e 5 5 .

T r a n s v e r s e s e c t i o n o f t h e fe m u r a t t h e l e v e l o f t h e p r o x im a l
p o r t i o n o f t h e a d d u c t o r l o n g u s - p e c t i n e u s e x o s t o s i s o f a 1 0 -w e e k
s u r g ic a l-r e g r e s s io n r a t .
H e m a t o x y lin a n d E o s i n .
X 18 .

PIATE x x n
F ig u r e

56.

T r a n s v e r s e s e c t i o n o f t h e fe m u r a t t h e l e v e l o f t h e d i s t a l p o r t i o n
o f t h e a d d u c t o r l o n g u s - p e c t i n e u s e x o s t o s i s o f a r a t g i v e n BAPN f o r
2 w eeks.
OG, o s t e o g e n i c z o n e .
H e m a to x y lin an d E o s i n .
X 18 .

Figure 57.

Transverse section of the femur at the level of the central portion
of the adductor longus-pectineus exostosis of a rat given BAPN for
2 weeks. ZP, zone of proliferation? I, intercellular zone; OG,
osteogenic zone; C, cartilage. Hematoxylin and Eosin. X 18.

F ig u r e 58*

Transverse section of the femur at the level of the proximal
portion of the adductor longus-pectineus exostosis of a rat
given BAPN for 2 weeks. OG, osteogenic zone. Hematoxylin and
Eosin. X 18.

PIATE x x m
F ig u r e 5 9 •

T r a n s v e r s e s e c t i o n o f t h e fe m u r a t t h e l e v e l o f t h e d i s t a l p o r t i o n
o f t h e a d d u e t o r l o n g u s - p e c t i n e u s e x o s t o s i s o f a r a t g i v e n BAPN
f o r k w eeks.
NC, new c o r t e x .
H e m a t o x y lin an d E o s i n .
X 18 .

Figure 60.

Transverse section of the femur at the level of the central portion
of the adductor longus-pectineus exostosis of a rat given BAPN for
k weeks. ZP, zone of proliferation; I, zone intercellular material;
OG, osteogenic zone; C, cartilage. Hemotoxylin and Eosin. X 18.

Figure 6l.

Transverse section of the femur at the level of the proximal portion
of the adductor longus-pectineus exostosis of a rat given BAPN for
k weeks. NC, new cortex. Hematoxylin and Eosin. X 18.

PLATE X X IV

Figure 62.

Figure

63.

F ig u r e 6 ^ .

Transverse section of the femur at the level of the distal portion
of the adductor longus-pectineus exostosis of a rat given BAPN for
3 weeks showing the formation of a secondary cortex. 1, primary
cortex; 2, secondary cortex. Hematoxylin and Eosin. X 18.

Transverse section of the femur at the level of the distal portion
of the adductor longus-pectineus exostosis of a rat given BAPN for
5 weeks. 1, primary cortex; 2, secondary cortex; 3» tertiary cortex.
Hematoxylin and Eosin. X 18.

T r a n s v e r s e s e c t i o n o f t h e fe m u r a t t h e l e v e l o f t h e c e n t r a l p o r t i o n
o f t h e a d d u c t o r l o n g u s - p e c t i n e u s e x o s t o s i s o f a r a t g i v e n BAPN
f o r 5 w eek s.
H e m a to x y lin a n d E o s i n .
X 18 .

PLATE XXV

65.

Transverse section of the femur at the level of the central
portion of the adductor longus-pectineus exostosis of a rat
given BAPN for 8 weeks. Note the fatty bone marrow within
both the new and original marrow. Hematoxylin and Eosin.
X 12.

Figure 66.

Transverse section of the femur at the level of the central
portion of the adductor longus-pectineus exostosis of a rat
given BAPN for 10 weeks. Hematoxylin and Eosin. X 12.

F ig u r e

P IA T E X X V I

F ig u r e

67.

F ig u r e 6 8 ,

Proliferative zone of an adductor longus-pectineus
exostosis of a rat given BAPN for 7 days. Several
mitotie figures are present (arrows). Hematoxylin
and Eosin. X 420.

Intercellular zone of an adductor longus-pectineus
exostosis of a rat given BAPN for 7 days. Hematoxylin
and Eosin. X 420.

PLA TE X X V II

F ig u r e

69.

F ig u r e 7 0 .

Photomicrograph showing PAS-positive globules (arrow)
at a site of new bone formation. Alcian blue-PAS.
X 160.

Photomicrograph showing pyknotic cells (arrow) in the
zone of intercellular material. Hematoxylin and Eosin.
X 750.

P IA T E X X V I I I

F ig u r e 7 1 .

Peripheral bone spicule with active osteoblasts
producing mature bone. Osteoclasts present on
spicule surface. OB, osteoblast; OC, osteoclast;
M, mature bone; IM, immature bone; P, new inner
periosteum. Hematoxylin and Eosin. X 420.

F ig u r e 7 2

Bone spicules adjacent to the old femoral cortex
covered with inactive osteoblasts. OB, osteoblast;
OC, osteoclast. Hematoxylin and Eosin. X 420.

PLATE X X IX

F ig u r e 7 3 .

Transverse section of the new femoral cortex beneath
the central portion of the adductor longus-pectineus
exostosis of a 5-week BAPN regression rat. Incomplete
circumferential lamellae present on the periosteal
and endosteal surfaces, separated by cementing lines
(arrows) from the new cortex. Aleian blue-PAS. X 98.

F ig u r e 7 4

High power view of small Haversian systems within the
new cortex. Hematoxylin and Eosin. X 420.

P IA T E XXX

F ig u r e 7 5 .

Photomicrograph showing an area of bone spicule
resorption in which numerous mast cells (arrow) are
present. A l d a n blue-PAS. X 128.

F ig u r e ? 6 .

High power view of the junction of the osteogenic
zone and inner periosteum returning to normal at the
level of the distal portion of the adductor longuspectineus exostosis of a rat 7 days after partial
avulsion of the adductor longus-pectineus insertion.
Hematoxylin and Eosin. X 420.

PLA TE X X X I

F ig u r e 7 7 .

Area showing erosion of cartilage in a rat 7 days after
partial avulsion of the adductor longus-peetineus
insertion. C, cartilage; CC, chondroclast. Hematoxylin
and Eosin. X 168.

F ig u r e 7 8 .

Trabeculae of endochondral bone in a 2-day surgicalregression exostosis. CR, cartilage rest. Alcian
blue-PAS. X 420.

PLA TE X X X II

F ig u r e 7 9 .

Photomicrograph showing periodic acid-Schiff-positive
globules in the intercellular material of cartilage.
Globules are represented by the dark spots in the
intercellular material. Alcian blue-PAS. X k20.

F ig u r e 8 0 .

Photomicrograph of the junction between the osteogenic
and intercellular zones showing tissue intermediate
between bone and cartilage. C» cartilage; B, bone.
Hematoxylin and Eosin. X 98.

PIATE X X X I U

F ig u r e 8 1 .

Photomicrograph shewing the presence of dislodged bone
spicules in the intercellular zone of the 1-week
surgical exostosis. Hematoxylin and Eosin. X 180.

F ig u r e 8 2 .

High powered view of the newly forming femoral cortetx
of a one and one-half-week surgical-regression exostosis
showing the presence of cartilage rests within the new
cortex. CR, cartilage rest. A l d a n blue-PAS. X 98.

PLA TE XXXIV

F ig u r e

83.

F ig u r e 8 4 .

New femoral cortex of a 9-week surgical regression
exostosis showing the presence of cartilage rests.
CR, cartilage rest. Alcian blue-PAS. X 98*

New femoral cortex of a 10-week surgical-regression
exostosis showing the presence of small Haversian
systems. Hematoxylin and Eosin. X 98.

PLA TE XXXV

F ig u r e

85.

F ig u r e 8 6 .

Remains of old femoral cortex in the 9-week surgicalregression rat showing lamellar appearance and a
cartilage rest (arrow). A l d a n blue-PAS. X 98.

Photomicrograph of the adductor longus-pectineus
insertion immediately following surgical avulsion.
The area where the periosteum has been avulsed can
be seen above the cortical bone. B, blood; CB,
cortical bone. Hematoxylin and Eosin. X 98.

